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INTRODUCTION 



The Burroughs Micro Implementation Language CHILI is a symbolic coding 
technique that (Bakes available alt the capabilities of the 81700 
Processor* The MIL co$piier f s machine language output is ready for 
execution directly upon the hardware* The user* however* must be 
prepared to prografnoiaticalty control the total environment including 
bootstrap loading* interrupt servicing* and potential eachine 
malfunctioning €e*g«* parity error detection)* 

To use MIL properly ami efficiently* the programmer must have an 
extensive knowledge of the available registers and their capabilities. 
This product specification describes the registers* the syntax and the 
semantics of the MIL language and may be used to write programs 
without prior knowledge of the system* 

RELATED DOCUMENTS 



A description of the Input/Output subsystem and the I/O descriptors as 
well as fi5ore detailed information about the registers can be found in 
the BI70G Systems Reference Manual Iform 1057155K 
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MICROPROGRAM!?^ CONCEPTS 



Microprogramming is a method for programing a computer hardware 

archi tec ture* The mi croprograRsraer is concerned with sachine registers 
which were formerly the domain of the hardware systems designer* 
Strings of microinstructions manipulate those internal registers to 
present an outward appearance of system hardware which is more 
functional for problesa~or iented programs! ng« In most machines now in 
the etarket place** read only memories CROH's) contain aicroprograros 
which convert the unique internal environment of several different 
processors into a standard assembly language* Once created* the 
aaicr oprograas are unalterable and may contain compromises in 
efficiency because of a limited hardware instruction set. 

The Burroughs B1700 system fuakes use of the latest technology to 
ijapleaent a writable control memory and has several aicroprogranis- 
each optiaized for the functions it wilt perform. The virtual system 
architectures chosen have been those of the standard CC080L and 
FORTRAN}* probles-oriented* compiler languages* Other is i croprograamers 
®ay choose architectures and create languages optimized for other 
purposes* 



MICROINSTRUCTIONS 



A microinstruction Is the smallest programmable operation within the 

system* Each nicroinstruction 'is fetched free control memory and 

decoded in the Isicro) register to be directly executed by the 
hardware* 
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DEFINED FIELD CONCEPTS 



Special hardware*, called a Field Isolation Unit* has been lapleaented 
to achieve bit addressability and variable length fields and to 
automatically increment addresses* This allows maximum flexibility in 
defining data fields and resolves the problem of packing and unpacking 
data fields across hardware container boundaries* 



INTERPRETATION OF THE VIRTUAL LANGUAGE 



The traditional approach to supporting a higher-level language is to 
translate the source statements as written by the programmer into 
another language either directly recognized by the hardware* <o.g.# 
aachine object code) or easily translatable into the machine object 
code Ce.g** an assembly language)* An alternate technique if s the 
interpretive execution for each source statement with a logically 
equivalent routine in some lower-level language* A n icroprograained 
system offers the opportunity to combine the best of both uethods- The 
source statements in the higher-level language are translated into a 
virtual system code by a compilation process. This systeaa code* also 
called S«code or S«4anguage* v^ry closely resembles the original 
source language, microinstruction routines then interpret i vely execute 
each virtual language statement* The results ares 

a faster compilation 

a system architecture* as expressed in the set of 
microroutines* which is optimized to the source language 

a reduction in the processor tine required to perform the 
logical equivalent of each source statement 

a reduction in the memory space required to encode each 
source language operation 
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A sst of eicroprograginied routines is called an interpreter and 
effectively creates a virtual system architecture for the source 
language being eaecuted* That is* when the COBOL interpreter is 
executing* the systera is effectively a COBOL machine- When the FORTRAN 
interpreter is executing* the system is a FORTRAN machine* and so on 
for any other S~language defined* 
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SYNTAX DIAGRAMS 



The principal means of describing MIL syntax is through 
diagram* coimoniy known as "RAILROAD* notation- The basic 
are discussed feelow* 



the syntax 
conventions 



FORWARD ARROWS 



Any path traced along the directional flow of the arrows will produce 
a syntactically valid command. The following example illustrates the 
techniques 



i 

~-«DQWN~-BY THE«-*-GLD 

I t I 

I— UP-»I I 

8 






— — — -""-STREAM" 

i i i 

l«MILL->i § 

! 



■>« 



i 

l — WHERE I 



f <■ 
I 



I— RIVERSIDE' 



>>f 



i I 

«-FIRST->l 
I I 
I -LAST— >l 



-—SAW--—— 
I I 

I— FOUND— >l 



YOU a 



i 
I 

I— TADPOLES' 



I I 

1--CNOT HE BUT YOUJ— >l 



Valid syntax generated from this diagrafi could bes 

DOWN BY THE OLD MILL STREAM 

UP BY THE OLD* OLD STREAM 

DOWN BY THE RIVERSIDE WHERE I FOUND TADPOLES 

DOWN 8Y THE OLD STREAM WHERE I FIRST SA^ YOU CNOT ME 3UT YOU) 

UP BY THE RIVERSIDE HHERE I LAST FOUND YOU 
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The bridge over OLD* unless otherwise specified* can fee crossed any 

number of tines* 

EfiD-OF~STATEf*!ENT 



The completion of a statement is indicated by the following 
cogent ions - — ---»--- — — -—>| 



CQMTSNUATIOM 



The following convention indicates that any number from THROUGH 9 is 

syntactically valids 

.-..— — «- — ->i 
KEYWORDS 



Upper-case letters indicate keywords which must literally appear in 
HXL statements* 

VARIABLES 



loHOfcase letters*- words and phrases indicate syntactic variables 
uhiGh require information to be supplied by the programmer «, The 
folloHing example illustrates the techniques 



••.««.... .... an l na | s WERE-- —in— — — — THE body*of •water— ? — >i 

« ■ ■' I I I 

a — THE — >§ |— , HEAR - -«>| 

it i i 

• — SOKE— >| i-»CL0SE T0»~>i 

Valid syntax generated fro® this diagram slight be* 

THE TADPOLES yERE IN THE STREAM ? 
COWS MERE CLOSE TO THE POND ? 
SOHE 8IRDS ^ERE NEAR THE OCEAN ? 
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8ASIC COMPONENTS -OF HIL 



To understand MIL grammar the user should be familiar with the 
following basic elements of the MIL language* 



points — — -> . — -->! 



underscores 



•>f 



8 — 9..>j 



letters 



g Z-»>| 
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special* character ss 



•>| 



S 

— $ « 

— $ 

»«• - 2 



«.«.« * «. 



— ■ a - 



.«> 
■-> 
— > 
»> 

»> 
-> 
»> 
«> 

-> 
«> 

-> 
->■ 
•> 
-> 
— > 
««> 
•«> 
««> 

»> 



ampersand 



biank (one non-visible character) 
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IDENTIFIERS 



identifier: 



f 

I 
s 



i 



1 



letter 



3 

digi t — >! 

I 

_ >l 

S 

. >| 



>i 



RESTRICTIONS* 

1. An identifier mast begin with a letter* 
2» An identifier may not contain b&anfcs. 



Reserved words may not foe used as identifiers. <See Appendix 
C: Reserved Words and Symbols*} 

An identifier is limited to a raaxigsum of 63 characters: only 
the the first 25 characters are used in uniqueness detection. 



EXAMPLES: 



TEST»NAM£*1 



T.X23«a 



ABC 



L0GP_12 



LABELS 



labels 



I 

I 

9 



8 <mmmm — mmmmmmmm - m | 

1 i 

— - — — -I e 1 1 er — — — - 
I S 

S«-«digit—>i 



1 



I 

»>! 
I 



>i 
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point- I ab el •declarations 



* label 



>l 



point*label .reference: ««««.« * -»«.«»»»««.«| a j 5e |»«.-« w> 5 

f I 

I— - -->■ 

label e ref er®nc®z — — — uni que- label— — --•————»-> t 

I — *polnt*label*referenc e-->l 

label- dectarati on: ra -* 9 ~ "■-unique. label" , * ,n "*- B --"«»*«*-«-«"*»-->! 

I ••-point « label* declarat i on w ->! 

Labat. s may be declared bys (1) starting the label anywhere In columns 

i through 5 of a source i^age* or <2> starting the label immediately 

after the reserved words TA3LE* SEGHEk'T* or CODE- SEGMENT. CSee also 
Segmentation: Label Addresses-) 



RESTRICTIONS? 

1- A label $ust begin with a letter or a digit* 

A label may not contain blanks* 



2- 
3- 

4- 
5- 



A label is limited to a laaxitsufit of 63 characters: only the 
first 25 charcters are used in uniqueness detection- 
Unique labels may be declar®d only once. 
Point labels way or may not be unique* 



EXAMPLES* -A-PGI&T-LA8EL REGULAR-LABEL LOOP 8EGIf4NI NG. OF. TEST- 1 
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CARS TERMINATORS 



card.ter^inators 



•>l 



RESTRICTIONS 



A percent sign C%) Is treated as any other string 
character If it is contained within a character»str ing. 
However* in ati other cases* a % will cause the 
scanning of the current source iaage to terminate. 



NUH3ERS 



l<«— — — — — - f 

S t 

numbers — -«..■«,,•-. <jigl t-*— 



>i 



BIT STRIMGS 



binary, ^strings 



I 



6 



-»— — I 
I 

•0— — — 

! 
'1— >l 



•>| 



quar tat »str ings 



I • .. i 



■>! 
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octal* strings 






■0— — 
... i 

•7— >i 



»>8 



hex*str1ngs 



• <■ 

§ 



1 
---A— >l 

««• S 
— -F — >S 



•>| 



bi t«. groups 



•hex • st ring**® ■»-' 
■C4) hex*string 



i 

€3) actal*string---»>t 

I 
»C2) quartaC«strlng"**>l 

3 
•CI) bf r»ary»string*""«>f 



■>l 
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bit*strings — -3bi t^groupa— ->l 



RESTRICTION: If no bit ssod© is specified €i-@-* the indicator digit 

in parentheses is omitted)* then ""hex" is assursed. 



strings ------character -str ing-- — — ->l 

1 I 

I — -j, ft m s t r i ng -- — -—> | 



CHARACTER STRINGS 



char act er • strings -« s »»**string«eharacter *ii st w - — >i 



string*character. lists 



I <«.»«». ........ ...... ( 

t i 

— --S tri ng*character-— — •->! 



string* character: 



,. digit — — — ——.—— — >| 

l««»-letter- —— — — — ->! 
I I 

i*-** s,s, special*character-->l 



EXfcHPLESS "**THIS IS AW EXAMPLE OF A CHARACTER STRIN3' 
w #42# ROW THE 80AT GENTLY •*• w 
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LITERALS 
literals 



mm ra nufs bar - — - -••-• 
— -s tr f ng*----— — 
-"-declare -special 



f 

I 
.... > 8 

I 
-"-"dec! ared-i dent if i er~->S 



>i 



declare-speei als 



— — DAT A, LENGTH € declared* 1 dent I f i er)~ • >i 

9 f 

• -— LENGTH. 8 ETHEEN. ENTRIES C array. i dent If ier>--> I 



dec! ared*f denti f i ers 



— -••s i rap! e. i dent i f I er— -- 
•'—-array* f d*nt if ier-— >l 



■>l 



array*! dent If i ers 



•««-s iospl evident if ier*"- 
I I 



>>l 



array.indexs ---Cnumber) — ->f 



DATAeLENGTH Cdec t ared- i dent i f f er > will supply the specified or 

computed length in bits of the indicated declared* ident if i er- For an 

array* i dent if fer* the length will be the length of one of the itees in 

the array* not the length of the entire array. 
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LENGTH. 8ETW£EN„£NTRIE$ iarray* i dent i f i er) will supply the bit 
difference between the beginning of one Item in the specified array 
and the next it era in the array* Note that in the case of structured 
arrays CSee Structured Declarations) this will not always be the sarae 
as DATA. LENGTH ( array * ident i f ier > • 



EXAMPLES 1587 

^STRING* 

DATA.LENGTH CAN. ITEM* 

ARRAY. ELEMENT <7) 



ARITHMETIC EXPRESSIONS 



arlthiaet ic*expressions 

I <«...........••.... .......* .— . ...- j 

i i 

« — •«-«— — — - »-•,«««»««-«•-.« -- — — -- ---••••!- erB — .-•■•-— « — --•>! 

i 8 I 1 I i 

("«• C --->! I -^"adding-operat or e *-->i |— - ) ~-->j 



I <««<»« -ftulti pi yi ng^oper a tor --•- 1 
$ § 

adding.oper ator s -- — — - * --*»-««.*.-.->f 

8 I 

8~~« - — >! 



>>f 



multiplying* opera tors 



>>! 



! 

I — 



/ ««>i 
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Arithmetic expressions yield numerical values by combining 
accordance yith specified operations. The operators +* -p 



have the conventional mathematical meanings of 
raul t ipi i cat fon# and division* respectively* 



addtion* 



literals in 

*• and / 

subtraction* 



The sequence in which operations are performed is determined by 
precedence of the operators involved* The order of precedence i ss 

Firsts * / 



the 



Seconds + 

When operators have the sasae order of precedence* the 
operation is determined by the order of their appearance* 
right. Parentheses can be used in normal mathematical 
override the usual order of precedence* 



sequence of 

froa left to 

f ashi on to 



Parenthesized expressions are treated as terms* i.e.* they are 
evaluated by themselves and the resulting value is subsequently 
coobined with the other elements of the ari thjaetic. expression* Thus 
the normal precedence of operators ®ay be overridden by careful 
placement of parentheses* 
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STRUCTURE OF A HIL PROGRAM 



There are two parts or sections to a MIL program? the declarations and 
the body. The declarations should contains 

1« A couiaent description of the function of the MIL program. 

£• Any global data structures (DECLARES)- Note that "global" 
refers to use throughout the program* local refers to use 
restricted to a part of the program.. 

3» Any global DEFINES* 

4. Any MACRO definitions. 

The body follows the declarations and will contain all code-producing 
statements* The statements should be logically grouped in labeled 
8EG£N.*»END blocks* Each 8EGfN**.END block ©ay contain its own local 
data structures* LOCAL*QEFINEs or labels* The last statement of the 
body should be FINI* 

The follouing is a basic outline of a MIL program using the above 
general rules. For specific datails on assembly coding forras and 
program examples refer to* Programming Techniques* 



Decl arati ons 



Body 



•»•>«.> 



•»««»> 






LA8EL.A 



% descriptive cogent 

DECLARES 

DEFINES 

MACROS 



BEGIN A 

Ccode for A* 
END A 
BEGIN B 

Ccode for 81 
END 8 
FINI 
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SEGMENTATION 



subject. Because 
used for many 
Interpreters* I/O 
satisfy th® needs 



and somewhat complicated 



Segmentation in MIL Is a rstutti*f aceted «fi U 9 %,mwu<**> uu*n K «i(. 

HIL is the language of the 1700*s* and because it is 

different purposes CDi agnostics* Emulators* 

Drivers* HOP Kernels* etc,}* it must attempt to 

of a wide range of users. Segmentation plays a 

READ/WRITE 

iory* 

S-Meiaory* Disk! 



jdii»if *. no nuGu.* \m ci wiM^r i anyc \i \ ua t?< a* je ymtsn t di tun p a. <a 7 : 

particularly important role on the Bl700*s because of the READ/Wi 
access capability of the hierarchical memory structure <M-Mesi 

C o» t*o pi n «• \* - Pi % « 4" \ _ 



LABEL ADDRESSES 




A label which is declared by starting it in columns 1-5 of a source 

ir« age is always a regular .label* 

A label which is declared by starting it immediately after 
reserved words TABLE* SEGMENT* or CODE. SEGMENT is always 

physical .label. 



the 

a 



A regular •label is always given the current seg&ent.code.address 
the label is declared. 



when 



A physical* label is always given 
when the label is declared* 



the current physical. code.address 



The segment *code* address is updated by 16 as each microinstruction is 
generated and can be changed to a new value by the appearance of a 
SEGMENT or CODE, SEGMENT statement. 



The phy sic al*c ode. address is also updated by 
microinstruction is generated and can be changed to a 
appearance of an ADJUST LOCATION statement* CSee 
ADJUST) 



16 as each 
new value by the 
HIL Statements: 
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Soth the physical. code«address and the segment-code. address are 
initialised to izero} yhers a compilation begins* 

SEGMENT STATEHENT 



SYNTAX: 

SEGMENT — — NEWSEGME NT- — — — •— — — - — >| 

lit i 

• --label-— — >l I — AT — -—ADDRESS C label) — >l 

% ! 

• —literal — — - >l 

Notes The literal must be HOD 16. 
SEMANTICS* 

Through the use of the SEGMENT statement* the user has the aeans to 
divide his/her MIL progras into several parts such as a single 
primary«code«block- and one or ©ore segment. blockCs ). The 

primary .code. bt ock should provide one or store areas suitable for 
containing the individual segment. block(s)* These areas ape designated 
by declaring one or sore regular* labeil s) somewhere within the 
primary .code. block. Quite often there will be only one designated area 
for sognent.blockls)* and ft Milt begin at the end of the 
prifflary«code« block* 

The purpose of the SEGMENT statement is to inforss the compiler exactly 
where the segment .block will be Crelative to the pr ifaary.code. bloc k) 
when its code is executed* In this way the compiler can generate the 
correct branch/call displacements whenever a statement in the 
priear y.code.block branches to or calls a routine in one of the 
segment. biocktsK In the same way* a statement in on© of the 
seginent.blockCs) stay branch to or call a routine in either the 
primary .code, block or in any of the segment. block* s) * <See MIL 
Statements: EMIT. RETURN. TO. EXTERNAL* CALL, EXTERN AL# BR ANCN. EXTERNAL* > 
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All code is assumed to be In the pr1 esary. code. block until the first 
SEGMENT statement is encountered*. Fro® this point on* all code is 
assuae'd to be in that segment until the next SEGMENT statement is 
encountered^ and so on* 

The SEGMENT statement way also be used to specify logical breaks 
within a continuous stream of code. In this case* only the name or the 
segment needs to be specified since the code addresses are to continue 
linearly* The entire program and all of the segment .blockC s) are given 
segment dictionary entries as part of the parameter blocks associated 
with a MIL eoda file* Frost these dictionary entries* the addresses and 
lengths for each segment are available and can be used to do 
sophisticated static binding prior to execution of the code* 



CODE. SEGHENT STATEMENT 



SYNTAX? 



COOt* SEGHEMT- — - label 



•>J 



SEMANTICS: 



Another form of Segmentation in MIL is used when a jaicroprograin is 
running with the MCP* or under MCP control* Alt of the interpreters as 
well as GIStiO are examples of this situation* ^iith this aechanism* a 
sncroprografiiraer is able to specify which portions of the program are 
to reside on disk until they are actually needed for execution. This 
provides th& programmer with the same facility normally only found in 
higher level, languages. 

In order to- use this facility* the programmer must follow certain 
rules and reraember some restrictions*, first* some definitions? 



$ain.cQde«blGCks 



external* code .blocks 



all code generated until the first 

CQDE.SEGMENT statement is encountered? this 
may encompass the pri mary. code. block and one 
or Biore segment .biockts). 

all code generated between a given 
CODE. SEGMENT statement and the next 

CODE*SEGMENT statement* or the end of the 
program* whichever conies first. 
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mai nucode*bases 



tabr * tope: 



the M-Hemory bit address of the first 
microinstruction In the mai rueode. block* If 
no part of the man rucode.block resides in 
H-*Memory* then the eiai rucode. base should be 
0* 

If the processor is an S-Meniory processor* 
then the ®ai n.code.base should be the memory 
address of the first microinstruction in the 
program* CSee NIL Statements: 
t4AIN*C0DE*8AS£.) 

a 24-bit bucket containing the *BR value for 
the raain.code.blocfc. In addition* since the 
HSft value is always a MOD 16 number* the tow 
order 4 bits rabr*topre should be the TOPM 
value of the f3ain»code.blocfu 

The sticroprogrammer must provide the following items in a programs 

1» A define for MAIN«CQDE*SASE to indicate the Scratchpad 
register containing ma in»code.base* Examples 

DEFINE MAIN. CODE. BASE = SUB# 

2» A define for MBft.TGPM to indicate the Scratchpad register 
containing mbr«topnt« Ex ample: 

DEFINE M6R»T0PM = S15A# 

The above defines must be Included in the jnain»code. block and nust not 
be defined within some LQCAL.DEF1NE scope* In addition* the two 
Scratchpad locations raust be initialized by the interpreter when it is 

9i ven control from GISM0« 

3. A routine labeled GO*TQ.EXTERNAL. SEGMENT to interrogate the 
interpreter dictionary and generate a corasaunicat e (if 
necessary) to guarantee that the requested ex ternal .code 
segnent is present in S-Hemory* In addition* it sust perforff? 
the Initial transfer to the externaKcode.segaient. Example: 
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GO -TO* EXTERNAL. SEGMENT 

X T CONTAINS SEGMENT NUMBER 

% L CONTAINS BIT DISPLACEMENT WITHIN SEGMENT 



SHIFT T LEFT 8Y 6 SITS TO X 

SHIFT T LEFT BY 4 BITS TO Y 

MOVE SUM TO FA 

ADO ADDR.INTERP-.SEG.DICT TO F 

READ 2 BITS TO X 

IF LSUX THEN 
BEGIN PRESENT 

COUNT FA UP BY 32 
READ 24 BITS TO X 
IF SUBSET THEN INCLUDE 
BEGIN 



HOVE 
HOVE 

END ELSE 

BEGIN 

HOVE 



i to r 

SUM TO 



TQ TAS 



MOVE L TO T 

HOVE X TO L 
TRANSFER. CONTROL 
END 
END PRESENT 
HOVE T TQ L 
MOVE 56 TO T 

SHIFT T LEFT BY 16 BITS 

SET L<0> 

GO TO GIVE. UP .CONTROL. 



64 
16 

80 



% THE SEGMENT IS PRESENT 



SEGMENT 8ASE 
FOR S-MEMORY 



ADDRESS 
PROCESSORS 



NECESSARY FOR 

M-MEMORY SYSTEM 

NEW A AND TOPM VALUE 

NEW M8R VALUE 



COMMUNICATE 
NON PRESENT 



NO. FOR 
SEGMENT 



ONE LEVEL SEG DICT. 
SAVE STATE AND XFER 
MCP VIA GISMO 



TO 



POINTS TO NOTES 

A. The initial W T** and W L W values are supplied by the 
compiler prior to entering the above routine* 

B« Other registers ®ay be destroyed depending on how the 
routine is written* 

C. The. routine must push a Czero) onto the A stack for 
the M-Meraory Processor* This Is necessary so that an 
eKit within an external. code.btock can be trapped into a 
routine that will transfer control back to the 
nain«code«-block« This also implies that parameters eiay 
not be passed via the A stack when initially 
transferring to an external.code. block. 
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The compiler will provide all other routines necessary to effect the 
transfer to and fros ex£ernat*code,»biockCs )* 

The only kind of transfers allowed are calls and branches frora the 
ntain«code»block to an external .code.block* and froia an external*" 
codeoblock to the fnain«code«blocko Transfers between ex ternai*code 
•bloekCs) are not alloyed. In addition* such calls and branches must 
bo syntactically separated from calls and branches within the tho saisie 
coda block, Instead of CALL* the command CALL* EXTERNAL must be used* 
Instead of GO* the command BRANCH^EXTERNAL must be used«> {See MIL 
Statements. EMI T. RETURN. TO. EXTERNAL* CALL* EXTERNAL and 
BRANCH. EXTERNAL*) 

Following is the code the compiler generates when CODE^SEGMENTs are 
used* {All labels used in the examples are sbo&n for clarity only: the 
compiler has its oun internal representation for the labels.) 

MAIN CODE BLOCK 

Ae For each different label occurring after a CALL*EXTERN AL or 
BRANCH. EXTERNAL statement in the mai n-code.b lock * the 
compiler wilt divert the call or branch to the following code 
which is generated at the end of* and part of* the 
eiaSn*cod©*block» 

WOVE ADDRESS {label) TO L 
MO^E I abel »segment*nuRsber TO T 
GO TO GO. TO.EXTERNAL. SEGMENT 

6* If the program executes on an M-Memory Processor (B1726I* the 
following code uiii be emitted in the masn*code«b lock: 

EXIT.TO*EXT£RNAL 

HOVE TAS TO L 
MOVE TAS TO T 
HOVE LF TO TF 
HOVE TO LF 
TRANSFER-CONTROL 

EXTERNAL CODE BLOCK 

A. If the program executes on an H«Hesory Processor CB1726 >* 
the following code will toe emitted at the beginning of every 
external « code ob lock: 
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HOVE TAS TO T 
LEAVE. EXTERNAL •SEGMENT 
&OVE M8R.T0PH TO L 
HOVE LF TO T 
SET LF TO 
TRANSFER. CONTROL 

B. For each different label occurring after a CALL. EXTERNAL or 
BRANCH. EXTERNAL statement in the external .code. block* the 
compiler will divert the call or branch to the following code 
which is generated at the end of? and part of* the 
external * code * block* 

CI) If the program executes on an S-Keraory 
Processor €81712-61/14) the following code is 
generated? 

MOVE ADDRESS € label) TO X 

GO TO SUBSET. BRANCH. TO. MAIN 

€2) If the program executes on an H-Heesory 
Processor C81726) the following code is 
generated for each different label in a 
BRANCH.EXTERNAL statements 



MOVE ADDRESS 
GO TO BRANCH. 



Clabel) 
TCUHAIN 



TO X 



C3> If the program executes an an H-Heraory 
Processor C81726) the following code is 
generated for each different label in a 
CALL. EXTERNAL statements 



C. 



HOVE ADDRESS {label) TO X 
GO TO CALL. TO. MAIN 

At the end of every external. code. blocft tho following code is 
emitted* 



Ci) For S-Hesiory Processors C 81712-81714)* 

SUB SET. BRANCHED* MA IN 

HOVE MAIN. CODE. BASE TO Y 
MOVE SUH TO A 
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C2) For M-Memory Processors C8I726)s 

BRANCH. TO. MAIN 

MOVE TAS TO NULL 

HOVE MAIN. CODEBASE TO Y 

MOVE SUM TO T 

GO TO LEAVE. £XTE*UJAL*SEGMENT 

CALL«TO*MAIN 

MOVE MAIN„COD£.8ASE TO Y 

HOVE SUM TO T 

HOVE MBR TO L 

HOVE TOPM TO LF 

MOVE L TO TAS 

MOVE ADDRESS <EX IT, TO* EXTERNAL ) TO X 

MOVE SUM TO TAS 

GO TO LEAVE.EXTERNAUSEGMENT 



NOTES! 



1« Hhen branching from the mai n. code. black to an 
external •code.block T and L registers are used* plus 
whatever registers the GO. TO. EXTERNAL. SEGMENT routine 
uses* 

2. When calling or branching to a routine in the 
tnain*code»block» the X and Y registers are used: This 
raeans that they cannot also be used for passing 
parameters* In addition CP should be equal to 24* 
otherwise the transfer may 'not take place correctly. 

Also* on ar\ M~Mewory Processor* the T and L registers* as 

well as the A stack are used* So a good rule of thumb is to 

avoid X* Y* Y* L* and TAS when passing parameters to/frosa the 
Eiain.code.biock and ext ernal e code*block€s )» 

3. The code for S-Memory Processors is different than the 
code for M-He«ory Processors* Thus* 1f a programmer 
wishes to run a program on either processor without 
recompilat ion* CODE.SEGMENTs cannot be used, (See 

. Appendix As $ NO EXTERNAL). 
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DATA TYPES 



DECLARATIONS 



Three frtain types of. data fields may be declared in MIL* 

I ) Bl T 

2) CHARACTER 

3) FIXED 

A bit field consists of a number of bits specified by a number In 
parentheses following the reserved word BIT* 

A character field consists of a number of characters* 8 bits each* 
specified by a number In parenthesis following the reserved word 

CHARACTER* 

A fixed data field is the saiae as a 8ITC24) field but is allowed in 
order to ^eep declare syntax consistent uitu SDL* 

DECLARE STATEMENT 
SYNTAX: 

I I 

DECLARE"- ,B --decC are«ele®ent " , ~~~ ,w «* * — — >$ 

SEMANTICS: 

The DECLARE statement specifies the addresses and characteristics of 
contents of memory storage areas* 
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The maxiisum number of data elements {including fillers* dunnys* and 

implicit fillers) contained in one structure is 5Q» Any attempt to 

declare more wilt cause a table overflow error to be detected at 

compile tisje* 

An array may haw© a inaximuiB of 65535 elements* each being a maxiejufi of 
65535 bits C8191 characters}. 

The tyo types of declare#eleeents are each discussed below. 



NGN«STRUCTURED DECLARATIONS 



dec! are « elements 



— -I dent f f ier — 
~-array*id C#) 



j <_«,„«„ , — — — ...j 

$ 1 

* C ----identifier-—— — " > •*"*> 
I 1 

l--array.id<#) — >l 



-«--i dents f ier--- — • 
*«~array*id (#)-->! 



1<. .•..•«.....„•••.„•.. — — -- . 

1 

I-REHAP5—GASE.ZER0 — •" — — - — -> 

1 ' 

l-ABSOLUTE literal— —> 

i 

f-ADDRESSCunique*label)*»> 

I 

l-idont if ier — — ---- — --> 

I 



........................ BIT t #3 — ..... 

I II | 

i«~R£V£RSE->l I -CHAR ACTERC #> — >t 
! ! 

f-FIXED— — — — >1 

I 
i 

'BIT ( #)--- — ■»->* 

I i 1 

■CHARACTER (#} — >! l-REWER5E">t 

I 
FIXED — — - >l 



Notes (#) * Cnumber) 
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Data may be declared as simpler having one occurrence? or as 
subs cr ipfced* having as many occurrences as specified by the array 
bourld C number }* 

BIT* CHARACTER or FIXED specifies the type of data in the field and 
the field size* 

REVERSE specifies that an item or a structure is to be accessed in a 
reverse manner or in a reverse direction frota some base. The easiest 
way to resaenber what is happening is to realize that the compiler will 
siraply compute the address of a declared identifier normally* and 
then* if reverse is specified*, add the identifier's length to the 
address to get the ending address of the identifier. 

As the syntax Indicates* different data fields having the same format 
may he declared collectively inside parenthesis < ). 

The following examples illustrate the various options available in 
this type of declaration statement. 

DECLARE 8 FIXED* 

C CHARACTER C10>* 

D BIT <4Q>* 

(£* f* G (5>) BIT <10)# 

H C20) FIXED* 

I C5> CHARACTER €631 

where 

B is a 2*$ bit numeric field 

C is a 10 -byte character field. 

is a *0 bit field. 

£ and F are 10 M bit fields each. 

G is also a iO^bit field and occurs 5 tioies* 

H occurs 20 times and is a 24»bit numeric field. 

1 is a 6«byte character field occurring 5 tfaes* 
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Data fields fsay be re- formatted by the use of the REMAPS option. 
Remapping is subject to the same general rules discussed above. The 
following exassple best illustrated Its uses 

B FIXED,. C BIT <50}* 

BB REMAPS B CHARACTER <5)*> 

CCC2) REMAPS C FIXED! 

Not© that CC specifies ^e^bits Cor 2 elements* 24-bits each). The last 
two bits will be considered as an Implied filler by the compiler* A 
field ®ay not be remapped larger than its original size* 

There $s no limit on the nueiber of times a field may be remapped* A 
field which has remapped another may itself be remapped. The remap 
option specifies that the identifier on the left side of the reserved 
word REMAPS will have the same starting address as the identifier on 
the right side. 

A data field nay be remapped to BASE. ZERO which will give the field a 

relative address of zero. For examples 

DECLARE X REHAPS BASE. ZERO BIT<7)* 



This device is used as a free-standing declaration since it 
*re®ap a previously declared data iteci« 



does not 
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STRUCTURED DECLARATIONS 



dec! are ..elements 



m *»anr ay *id C #) 



I f 

. C -~«-i dent if ?er ••«-«—-- > --> 

I-*~array.idC #)*■»>§ 



-FILLER* 



■><-> — i dent i fi er ""*•-* — *«* 
i 3 

8 -» array, id <#)-«•*«>§ 

I --DUHMY--- — — «——>« 
I I 



i 

1-REMAPS--BASE.ZER0 — — — — — 
-ABSOLUTE literal — — 
- ADDRESSlurn que. label}- 
*i dent 4 f i er "»•**"■=«*" • s "-*«'~ 
-array« i<j« -««—--«» — «.- 



3 * J 1 

f «REVERSE«>i l-3ITl#}- - — >! 

I f 

l-CHARACTER{# )->J 

i ! 

1-FIXED >1 

'BIT <#}— — • >| 

f i i 

'CHARACTER* #}->< J -REVERSE- > I 

I 
'FIXED——— — >l 



Notes l$) =s Cnumber) 
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MIL allows the structuring of data where a field may be subdivided 
intq a number of sub«*fieids* each of which has its own identifier. The 
whole structure is organized in a hierarchical form* where the most 
general declaration is a level OlCor IK No declaration may be on a 
level greater than 99« A subdivided field is called a Group Item* and 
a field not subdivided is kno^n as an Elementary Item* 




In the following example** both 3 
has a total length of 90 bit si C 



and C are considered Group 
is 50 bits long* 



Iteass B 



DECLARE 01 



8* 

02 



02 



C* 

03 BITC20)* 
03 E BITC30)* 
D CHARACTERS); 



Fillers may be used to designate certain Elementary Items which the 
program does not reference^ If thQ filler is the last item in a 
structure* it may be oraittcd: the compiler will consider the I tea to 
be an ietpliod filler* A filler may never by used as a Group Item* 

If the 01 level Group Item is an array** it Is mapped as a contiguous 
area in memory. However* subdivisions of this array are not contiguous 
as shoyn in the exasple structure beloys 



01 



ac5) 

02 C 
02 



BIT<4B)» 

FIXED* 
F1XE0I 



or 



01 8C5>* 

02 C FIXED* 
02 D FIXED? 



l--> teach itea of B> 48 bits 

I 

I 

00 Bl B2 B3 84 
CO DO CI 01 C2 02 C3 03 C4 dk 



i 

!--> Ceach element of C'and D) 24 bits 
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If a Group Item is an array* an array specification may not appear in 
any subordinate it em J? that is* oniy ona-dliaensional arrays arQ 
allowed* An array specification is iroplied for all subordinate items. 

If a Group Item is declared with the REVERSE option* then REVERSE is 
also implied for ail subordinate items In that group* Specification of 
the REVERSE option for subordinate items would bo redundant* 

Structured data may be remapped in the same manner as non°struc tured 
data* In addition* structured data may be remapped with a duassy group 
identifier. The purpose of this construct is to allow the user to 
remap data ite^s without having to declare another Group Ites which 
describes the sase area in memory* Thus in the following examples 

01 B 811(100)* 
02 C BIK20). 
02 D BITC80>; 



'B w f-Hgfrt be remapped as 

CI B8 REMAPS 8 BITC100)* 
02 CC 811*30)* 

02 DD BITC70)? 



or 



01 DUMMY REMAPS 8 8ITU00)* 
02 CC 8IT<30>* 
02 00 BITC70); 



Both 8 and B9 refer to the sarae area in memory; hence BB is redundant* 

If a remapped item contains the REVERSE option* then REVERSE is also 
implied for the remapping iters* 

The user should note the distinction between DUMMY and FILLER. DUMMY 
is used in conjunction with REMAPS to eliminate the necessity of 
declaring a redundant Group Item* FILLER is used if one desires to 

skip over a part of tho structure* 

The following restrictions apply to the us© of DUMMY REMAPS* 

1* 0UHINY nay only fee used with reisap declarations, 

2* All restrictions applying to REMAPS apply to DUHftY REMAPS* 

3* DUMMY aust not reiaap another DUMMY* 

4* OUMMY Group Itens must have at least one non»fiiler 
component* 
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DECLARE EXAMPLES 



The following will illustrate by example exactly how declarations 
raight be used fn a HIL program* CSee also Programs* ng Techniques*.) 



THE DECLARE STATEMENT IN HIL IS ONE HHICH ALLOCS THE USER TO 
LOGICALLY ASSIGN NAMES TO PHYSICAL OR RELATIVE MEMORY ADDRESSES 
IN A STRUCTURED MANNER. THIS FACILITY ALLOWS ONE TO CONSTRUCT 
DATA STRUCTURES IN A FORMAT THAT IS SIMPLE TO UNDERSTAND AND EASY 
TO CHANGE WHEN THE OCCASION ARISES. 

"NON*REMAf» ITEMS- 

THE HIL COMPILER MAINTAINS A VARIABLE WHICH IS INITIALIZED TO 
0. WHEN AN ITEM IS DECLARED* IT IS ASSIGNED THE CURRENT VALUE OF 
THE VARIABLE AND THE VARIABLE IS INCREMENTED BY THE BIT LENGTH 

OF THE DECLARED ITEM. EXAMPLES 

DECLARE 

DISPATCH. REGISTER BIT* 24)* 

GL0P1 8ITC4a)* 

ADDR.GI5H0 BITC24)* 
LOCN.MAKE.MCP.BE. HERE BIT< 33)* 

GL0P2 BITC291* 

ADOR.HCP. LIMIT FIXED; 

NOTE THAT THE DECLARE STATEMENT IS COMPLETELY FREE FORM* 
MUST BEGIN WITH THE WORD "DECLARE"* MUST END IN A *l w * AND 
EACH ELEMENT MUST BE SEPARATED BY A "*". 

EACH ELEMENT THUS DECLARED IS USED EXACTLY LIKE A LITERAL 
AND MOST OFTEN REPRESENTS A MEMORY ADDRESS* 
EXAMPLES 

MOVE ADOR.GISMO TO FA 
READ 24 BITS TO X 

WOULD ASSIGN THE LITERAL 72<=24+48=ADDR-GISH0> TO REGISTER 
FA* AND ^OULD CAUSE THE CONTENTS OF MEMORY AT ADDRESS 72 TO BE 
READ INTO REGISTER X. 

NOV!* ANOTHER DECLARE LIKE THE ONE ABOVE WILL SINGLY START 
ASSIGNING ADDRESSES HHERE THE LAST ONE LEFT OFF. EXAMPLES 



DECLARE 

GL0P3 

CHAR. SAVE. AREA 



8ITC10)* 
CHARACTERS)* 
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% 

% DECLARE ELEMENTS MAY ALSO 9E STRUCTURED SUCH THAF SOME 

% NAHES OVERLAP PIECES OF MEMORY DESCRIBED BY OTHER NAMES* 

Z 

DECLARE 

01 TRACE. BITS BITC27># 

05 FILLER BXTU5)* 

05 NS.HALT.ONLY BXTC1)* 

05 T8. FLAGS BIT** )» 

05 TB.TYPE BSTC4)* 

0/ FILLER BIT<1)» 

.07 TB. STORES. ONLY BXT€1)» 

07 Tfl. BRANCHES BITCI)* 

07 TB.REST BIUU? 

05 TB. GET. SPACE. TYPE* 

99 i T8GS*ST0R£S»0NLY*» 
TOGS. BRANCHES* 
T6GS.REST) 8ITC1 )l 
% 

% THE ABOVE EXAMPLE ILLUSTRATES SEVERAL POINTS. 
% 

% 1* THE ADDRESS PICKS UP WHERE THE PREVIOUS 

% DECLARE LEAVES OFF, 

% NOTE HOWEVER THAT THIS IS HOT TRUE 

t IF THE PREVIOUS ITEM OR STRUCTURE IS A 

% **R£HAP ITEM*. THE COMPILER'S INTERNAL 

% VARIABLE USED FOR DEFAULT ADDRESS 

X ASSIGNMENT IS MAINTAINED AND 

% INCREMENTED ONLY FOR NON.REHAP ITEMS 

% OR STRUCTURES* 

% 

% 2- DECLARES MAY BE STRUCTURED SO THAI SOME FIELDS ARE 

% DENOTED AS BEING CONTAINED WITHIN OTHER FIELDS. 

% 

% 3. "FILLER" CAN BE USED IN STRUCTURES AS OFTEN AS 

% NECESSARY AS A PLACE HOLDER* 

% 

% 4. ITEHS WITH THE SAME TYPE AND LENGTH CAN BE PUT 

% INTO A LIST* SURROUNDED BY PARENTHESIS* WITH 

% THE TYPE AND LENGTH SPECIFIED AT THE ENS. 

% 

% 5* THE LENGTH OF AN ITEM NEED NOT BE SPECIFIED IF 

% IT HAS SUB ITEMS WHOSE LENGTHS CAN 8E DETERMINED* 

% 

% NOTES STRUCTURES MUST BEGIN WITH AN w 0i«* LEVEL IDENTIFIER. 
% SUBSTRUCTURES HAY THEN HAVE ANY LEVEL FROM 02-99* 

% WITH THE SUBSTRUCTURE ALWAYS HAVING HIGHER LEVEL 

% NUMBERS THAN ITS SUPERSTRUCTURE, 

% 
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% "REMAP ITEMS* 

% 

% IT IS POSSIBLE TQ TEMPORARILY SUSPEND THE MECHANISM WHICH 

% 'CAUSES ADDRESSES TO BE ASSIGNED BASED ON WHERE THE LAST DECLARE 

% LEFT OFF BY USING REMAPS STRUCTURES. 

% FOR EXAMPLE* IF HE HXSH TO DECLARE A "TEMPLATE"* WHERE THE 

% DECLARED ADDRESSES ARE ADDED TO SOME BASE PRIOR TO THEIR USE* 

% THEN WE WOULD -DO THE FOLLOWING. 

% 

DECLARE 

01 SYSTEM. DESCRIPTOR REMAPS QASE^ZERG* 
02 SY. MEDIA BITCH?* 

02 SY.LOCK BITCU* 

02 SY*IN. PROCESS BITC1)» 
02 SY.INITIAL 8ITC1)» 

02 SY.FXLE BIT<1)# 

02 FILLER BI-TCIO)* 

02 5Y*YYPE BITC4)j» 

02 SY. ADDRESS BITC36J* 

03 FILLER 6ITC12)* % PORT *CHAN# UNIT 

03 SY.CORE BITC24 >* 

02 SY. LENGTH BIT<2'»); 

% 

% ONE MIGHT USE THE ABOVE STRUCTURE AS FOLLOWS? 

% 

DEFINE SYS. DESC. BASE ~ S14A# 
% 

HOVE SY.TYPE TO FA 
ADD SYSoDESC.BASE TO FA 
READ DATA. LENGTHCSY. TYPE) BITS TO X 
% 
% 

% NOTE THE USE OF A NEW RESERVED WORD "DATA. LENGTHS 

% THIS CONSTRUCT ALLOWS ONE TO USE THE LENGTH OF A DECLARED ITEM 
X WITHOUT HAVING TO DEFINE IT ELSEWHERE* 
% 
% 

% THE REMAP STRUCTURES THAT HAY BE USED ARE* 

% i. REMAPS BASE. ZERO 

% 2* REMAPS ABSOLUTE literal 

I 3. REMAPS ADDRESSCsoiae. label) 

Z 4. REMAPS BASE. ZERO REVERSE 

% 

% IF ONE KNEW THE ABSOLUTE ADDRESS OF SOME DATA STRUCTURE 

% IN MEMORY* THE FOLLOWING COULD BE DONEs 
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% 

DECLARE 

Oi SAVE*AREA REMAPS ABSOLUTE 1024* 
02 SA.FIRST.ITEM FIXED* 
02 SA. SECOND. ITEM CHARACTERC2G0 3* 
02 SA. THIRD. ITEM BIT<236)I 
% 

1 OR* IF A LABEL THAT WAS THE START OF A TABLE OF CONSTANTS 

% HAS PRESENT IN THE PROGRAM* THE FOLLOWING WOULD BE SUITABLE. 
% 

DECLARE 

01 TRACE. TABLEC10) REMAPS ADORES SC TRACE. MNEMONICS) * 
02 ADDR. TRACE. NAME CHARACTER** )? 
% 
TRACE. MNEMONICS 
TABLE 
BEGIN 

"LA ** 
W ALA " 
W STN n 
W STD * 
"LIT * 
W ILA w 
"STO * 
"CASE* 
"XFTH" 
"XFEL" 
END 
X 

HOVE ADDR. TRACE. NAMECZ) TO FA 
READ 24 BITS TO X INC FA 
READ Q SITS TO Y 
% 
% 

% NOTE THE USE OF ARRAYS IN THE ABOVE EXAMPLE. IF THE 

% PROGRAMMER DOES WOT KNOW THE INDEX TO USE AT COMPILE 
% TIME* THE FOLLOWING COULD BE DONE* 
% 

DEFINE TRACE. INDEX ~ SOB# 
% 

HOVE TRACE. INDEX TO X 

tfGVE LENGTH. BETWEEN. ENTRIES<T«ACE. TABLE) TO Y 
CALL HULTIPLY.X.Y 
% ETC 
% 
MULTIPLY. X.Y 

% HULTIPLY CODE 
EXIT 
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% THE A8QVE EXAHPLES HAVE SHOWN* AMONG OTHER THINGS* TWO OF 

% THE "SPECIALS- THAT ARE INCLUDED IN MIL SYNTAX TO GO ALONG H I TH 

X DECLARES* THEY ARE* 

% DAT A •LENGTH* declared. identifier) 

% LENGTH .BET WEEN. ENTRIES {array. identifier) 

% 

% NOTE THAT WHEN ARRAY NAMES ARE USED WITH THE SPECIALS* THE 

% SUBSCRIPT IS NOT PRESENT* AND IS A SYNTAX ERROR WHEN IT IS 

% PRESENT, 

% 

% ANOTHER TYPE OF REMAPS IS ONE THAT REMAPS A PREVIOUSLY 

% DECLARED STRUCTURE* IN THIS CASE* THE ADDRESSES OF THE REMAP 

% STRUCTURE WILL BEGIN AT THE ADDRESS OF THE REMAPPED STRUCTURE. 

% EXAMPLES 

X 

DECLARE 

01 SAVE. AREA. CHARS REM APS "SA. SECOND. ITEM* 

02 SA.NAME CHAR ACTERC 30>* 

03 SA.PACK.XD CHAR ACTER C 10)* 

03 SA.FAMILY.NAME CHAR ACTERC 10) * 

03 SA. OFFSPRING. NAME CHARACTERUO)* 

% 

% "REVERSE 9 * 

% 

% ANOTHER ATTRIBUTE THAT MAY BE APPLIED TO A SIMPLE ITEN OR 

% A STRUCTURE IS THE ^REVERSE™ ATTRIBUTE- THIS ATTRIBUTE CAUSES 
% THE FINAL ADDRESS ASSOCIATED WITH A DECLARED IDENTIFIER TO BE 
% ITS NORMALLY CALCULATED ADDRESS PLUS ITS DECLARED LENS Til. 
% 

% FOR INSTANCE* SUPPOSE A PROGRAMMER WISHES TO SPECIFY A 

% STRUCTURE THAT DESCRIBES THE TOP OF MEMORY AMD WANTS TO LIST 

% THE IDENTIFIERS FROM THE TOP OF MEMORY DOWNWARD* THE FOLLOWING 
X COULD THEN BE DONE* 

% 

DECLARE 

01 TOP*OF. MEMORY REMAPS BASE.2ER0 REVERSE* 
02 SLOP 8ITC32)* 

02 ADDR. INTERRUPT. QUEUE BIH555)* 
02 ADDR.SAVED.ASTACK BITC24G)* 
02 ADDR.CIStfQ. WORK. SPACE 8ITC3B4)* 
02 ADDR-TEMP*FI8 BITC920)* 

02 ADOR.TRACE*SFACE BITC2232)* 
03 ADDR*TRACE«CGD£ BITC24)Jf 
% 

% THESE IDENTIFIERS COULD THEN BE USED IN MIL STATEMENTS 

% AS FOLLOWS^ 

% 

MOVE ADDR-INTERHUPT-QUEUE TO Y 
EXTRACT AODR.TRACE.CODE FROM T TO X 
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REGISTERS AMD SCRATCHPAD 



This section is intended only as a brief overview of the registers 

within the processor* It is assumed that the roader is familiar with 
the contents of the 81700 Systems Reference Manual Cform 1057155). 
CSee also Appendix 8 in this manual}* 



NOTEs The most-significant Cleft-most) bit in any register is 
identified in the MIL syntax as bit <zero>> the next 
most-signif scant as bit 1# etc. This is particularly 
advantageous in a bi ^addressable machine since* for 
software purposes* it is often desirable to think of a 
register as being an extension of main jgeaory. It 
should be noted that this convention is at variance 
yith the hardware bit numbering convention nhere*» 
generally* ait bits are numbered right to left* 
through 2'$* This difference has particular significance 
when any bit data is to be ORed into the M register at 
run tiae* 



REGISTER GROUPS 



The registers briefly described in this section are divided 
following logical groups: 

Active 
Result 
Scratchpad 
Const snt 
Input/Output 
Condi ti on 



into the 
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ACTIVE REGISTERS 



Source 
& Sink 



X 

¥ ■ 
T 
L 
A 
M 

BR 
LR 
FA 
FB 
TAS 
CP 
*MSMA 



4-bit Source I 
& Sink I 

* TOPH I 



T sub register 



4 4"*bi£ source & sink I 
I-..-,...... — .. — | 

* TA TO TC TO T£ TF 1 



L sub register 

1 4-bft source I sink I 
|. «..,...„..... ....... | 

I LA L8 LC LO LE LF 1 



F8 sub register 

I source & sink i 
j. ...... .....„-~ 3 

i FU FT FL I 



C sub register 
i source I. sink S 
I CA CB CC *CD **CPi 



**r 



MSHA» TQPM* MBR and the low order 3 bits of CO are not 
physically present in the S*Meiaory Processor- When addressed 
as a source they will yield a binary value of zero. When 
addressed as a sink (destination) the data Is lost* 

CPU*- a 2-bit sub register -of CP* is not addressable as a 

source or a sink. 
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RESULT REGISTERS 



SCRATCHPAD 



Single Scratchpad 



Double Scratchpad 



1 Source 1 


i SUM .1 


1 CHPX I 


§ CMPY 1 


£ XAhiY 1 


1 XEOY 1 


i mskx i 


8 HSKY 1 


1 XORY i 


I DIFF 1 





CONSTANT REGISTERS 



INPUT/OUTPUT REGISTERS 



I So ore© I 

I HAXS I 
I MAXH I 



I Source t Sink I Source a Sink a 
I U I CHND I DATA 8 



CONDITION REGISTERS 



1 4 -bit Source 3 


% BICN 1 


1 FLCN 1 


1 *INCN 1 


a -xycn i 


1 XYST 1 



INCN is not physically present on the 
S-Mesory Processor* When adressed as 
a source it yields a binary value of 0« 
When addressed as a sink C dest i nati on) 

the data is lost* 
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ALPHABETICAL LISTING OF REGISTERS AND KEY CONCEPTS 



Naise 



Length 
In Bits 



Source 

Sink 



J^ote 



A i * 1 so & $k 1 Control Memory Microinstruction Address 
1 I 1 * 14 C1.72S)* 19 <S-l)# 20 <S~2> 


OICN 14 1 source f boolean conditions 


8R I 24 I so & $k I Base Register or low address 
1 ! 1 S -Memory protection 


C f ?A 1 *•-- 1 Control* not addressable as a unit 


Ca f 4 I so & $k i subfieid of C# general purpose 


CB 1,4 1 so £ sk i subfieid of C* general purpose 


CC 1 4 ! so I $k 1 subfieid of C? Interrupts and flags 


CD I 4 1 so & sk f subfietd of Cr interrupts and flags 


CfiND 1 24 1 sink 1 I/O Cosftiand Register 


CfSPX 1 24 1 source 1 Result; complement of X? masked by CPL 


CMPY 1 24 1 source 1 Results complement of Y* tsasked by CPL 


Console 4 24 1 source 1 the 24 toggle switches located 
Switches! 1 i on the Console front panel 


Control 1 IS^BIT 1 so & sk 1 location of microinstructions 
Kcfitory I words 1 1 on H*t4eesory Processor 


CP i 8 1 so & sk 1 Control Parallel; subfieid of C 


CPL 1 5 8 so £ sk 1 Control Parallel Length; subfieid of CP 


CPU ! Z S -— 1 Control Parallel UniU subfieid of CP 


CYD 111 *«* 1 Carry Difference or carry of borrow 


CYF i i « -— ■ I Carry Flip-flop? scjbfseld »f CP 


CYL ill •»- SCarry Level or carry of subi? masked by CPL 
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Natse 



Length 

In Bits 



Source 

Sink 



Note 



DAY A 1 2 4 1 so I sk 1 I/O Data Register 


DIFF t £4 1 source f result of X~CY * CYF>? masked by CPL 


F I 48 1 - 8 »~ 1 Field In S-HenoryiFA and F3 concatenated 


FA 1 24 1 so & sk 1 Field Address fn 5-Hemory 


FB i 24 1 so & sk I S~Meniory Field Unit(FU)* FSeld TypeCFT)* 
I 1 I and Field Length €FL) 


FL f 16 1 so & sk 1 Field Length in S-Meiaory 


FT 1 4 1 so I sk 1 subfleld of F8 


FLC 1 4 I so a sk 1 subfleld of FL 
FLO i 4 1 so & sk I subfleld of FL 


FLE 1 4 1 so & sk 1 subfleld of FL 


FLF % 4 1 so & sk 1 subfleld of FL 

FLCN 1 4 1 source k boolean Field Length Conditions 


fU f 4 S so & sk 1 S-tiGiaory Field Unit siz@J subfleld of F'tf 


INCN 1 4 1 source * boolean dispatch Interrupt Conditions 
ill M-Meraory Processor 


L 1 24 i so & sk 1 Local register also used in DISPATCH* 
1 1 i OVERLAY* TRANSFER. CONTROL* READ/WRITE 
1 i i HSML AND S-MEHORY ACCESS 


LA 3 4 4 so & sk 4 subfleld of L 


LB 1 4 1 so & sk 1 subfleld of L 


LC t 4 4 so & sk 4 subfleld of L 


LD 1 ' 4 J so & sk 1 subfleld of L 


LE I 4 1 so & sk 1 subfleld of L 


LF 1 4 I so & sk I subfleld of L 
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Name 



Length 

In Bits 



Source 
Sink 



Mote 



Lft 1 24 1 so & sk 1 Limit Register or high address S~Meraory 
1 i 1 protection 


M J 16 I so & sk 1 current Microinstruction register 


H&R 1 24 1 so & sk 1 Main Memory Hicrolnstruct ion Baso 

I ! 1 Register? not on S-Meaory Processor 


MAXM 1 24 1 source 1 hardwired Constant! number of i6«bit 
§• t f yords of M-Meaory 


MAXS 1 24 1 source J Constant? size in bits of available 
1 I 1 S^Meraory 


MSKX 1 24 i source I Result! mask of X! length by CPL 


MSKY I 24 2 source 1 Result! mask of Y! lenqtb by CPL 


HSrtA i 16 I so & sk 1 Control Menory addressed by the A 

1 1 1 register! M-Mem or y Processor only 


Main I -- 1 -— 1 

Memory i § I S-Memory 


NULL 1 24 i so E sk 1 always zero 


PLRR S 4 1 source 1 Parity Error Register! reflects error 

III conditions from S & M*-Hemor y» I cassette 


READ 1 24 1 source 1 Console switch position! reads S-Meraory 
III addressed by FA to Console tights CA on 
1 S 1 1714> 


SFL i 16 i -"■- 8 subfie&d of SOB corresponding to FL 
1 1 4 in FB 


S0-S15 1 48 1 so & sk 1 Double Scratchpad Words 


S15A-S15B1 48 J so & sk i Single Scratchpad Words of S15 
S- Memory 3 •• 1 --*• I Main Men or y 


SU 8 4 1 * w « ! subfieid ©f SOB corresponding to FU 

! f ! in FB 


SUM 1 24 f source 1 Result CX * Y * CYF> length by CPL 
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Name 



Length 
In Bits 



Source 
Sink 



Not« 



T 1 24 * so & sk i Transform - will ROTATE* SHIFT or 

1 li EXTRACT bits; usod also in S-MEMORY 
1 1 I ACCESS and TRAN$FER*COK e taOL 


X AS 1 24 1 so & sk 1 Top of A fteg f ster^Stacfc 


TA |4I so & sk 1 subfield of T 


T8 1 4 1 so S sk 1 subfiotd of T 
TC 1 4 8 so $. sk 1 subfield of T 
TO f 4 I so & sk 1 subfield of T 


TE 1 4 1 so & sk 1 subfield of T 


TF I 4 1 so & sk 1 subfield of T 


TOPH i 4 1 so & sk 1 Top of Control Memory; not on S-Mcraory 

III Processor 


U 1 i& I sour co 1 cassette input only 


WRIT S 24 1 -•**» I Console position switch; writes Console 
•II switches to address of memory contained 
1 I J in FA (A on 1714) 


X I 24 1 so & sk I input to function Box 


XANY f 24 1 source 1 Result; X AND t; length by CPL 


XEOY 1 24 i source 1 Result; X EOR Y; length by CPL 


XORY 1 24 1 source 3 Result; X OR Y; length by CPL 


XY 1 48 I source 1 X AND Y concatenated 


XYCN 14 1 source* t boolean XY Conditions 


XYST S 4 1 sour co 1 boolean XY States 


Y 1 24 1 so t sk 1 input to Function Box 
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ACTIVE REGISTERS 



The following is a description of the Active registers* 



X AND Y REGISTERS 

The X and Y registers (both of which are 24 bits 
inputs into the 24 ra btt Function Box (see below). 
performed under control of the C {Control) 
regulates the length of the operation? class of 
ioast'signi f icant carry inputo The X and Y registers are 
of being shifted or rotated individually or as a unit 
receive or transmit data fro* ©r to ra'ain memory* 



wide) are used as 

Ail functions are 

register* which 

arithmetics* znd 

capable 

and may 



FIELD <F) REGISTER 

The F register is divided into FA and FB* each sub-rog ister being 
24 bits wide* The FA (Field Address) portion is used to address 
eiatn memory* FB is divided into FU (Field Unit* consisting of four 
bits used to indicate arithmetic unit size! FT (Field Type)* a 
general-purpose A-bit field; and Ft (Field Length)* consisting of 
16 bits used to Indicate the length of fields in main rsemory« FL 
is subdivided into FLC* FLO* FLE and FLF*> each 
length* 



rsemor y« 
four bits 



in 



LOCAL «L) REGISTER 

The L register is 24 bits wide and is subdivided into LA* LB* LC* 
LD* LE and LF* each four bits in length* L and its subdivisions 
are generally used to temporarily hold the contends of other 
processor register s» It is also used as a source and destination 
for main meetory access and has irapiicit use «n the DISPATCH* 
OVERLAY* REAO/HRIIE I4SHL and TRANSFER CONTROL micro ins truct i ons. 
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The T register is a 24-bit transformation register used 
extensively for interpret at i on of virtual-language operators* It 
Is subdivided into TA# T3* TC# T0> T£ and ?F* each four bits in 
length* T has strong SHIFT and EXTRACT logics associated with it 
and is the principal formatting register of the processor. This 
register also has the capability of receiving or transmitting data 
fro® and to main memory* 



MICROINSTRUCTION itt> REGISTER 

The M register is a 16*bit register which holds the micro-operator 
for decoding and subsequent execution by the hardware. It is 
addressable as a source and sink register? ^hen used as a sink 
register the source is bit-GRed with the upcoming W~op* except in 
TAPE aode. 

BASE CBR) AND LIHIT <LR) REGISTERS 

The BR and LR registers are each 24 bits wide and are used to hold 
the main memory base and limit addresses for the currently active 
tuain memory process* The M-Meoiory processor hardware uses these 
registers to determine if addresses in' the Field Address CFA> 
register are mi thin the baso/iifait boundaries* 



ADDRESS CA) REGISTER 

The A register is the Microprogram address register which contains 
the bit address of the next microinstruct ion* Values in the A 
register are always MOD 16* i*e** the to-order four bits are 
always zero* It is capable of addressing 16*584 microinstructions 

located in either control memory or Riain memory or both* The A 
register is automatically incremented to the next microinstruction 
before the current ei croinstruct ion is executed* It is also 
capable of having any ^alue frosa to 4*093 added to or subtracted 
frore it to facilitate microcode branching* 
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The A stack is a 32 a eleiRent a, deep» 24-bit wide* push«doyn* pop* up 
memory* f^e** a last »in-f Irsfout CLXFO) storage structure* The A 
stack Is used to nest raicroroutine linkages and allows highly 
shared routines* thus reducing control aesiory r equireraent s« 
Although the A stack was intended for microcode addresses* it has 
beer* made 24-bits yide to allow for any operand storage* 



NOTE* The $~Hemory 

element s. 



Processor A stack has only 16 storage 



TOP OF CONTROL MEMORY CTOPHI REGISTER 
<M-Mentory Processor only) 

The TOPH register is four bits Mide and is used to determine which 
iBQittory Ccontrol or main) contains the next rascroinstruct i on* If 
the A register is equal to or greater than < TGPM*312*i 65*- the nejet 
microinstruction will he fetched frog! nain memory rather than 
control leenory. The TQFH register is addressable as a source or as 
a r»ir\k Cdesti nat ion> * The fetch from S-Menory takes place et 
address A+CTQPH*512*16)+MBR« 



MEMORY BASE REGISTER CM8R) 
CH-Memory Processor only} 

The M3R register Is used «ith the A and TQPH registers to obtain 
the main tseoiory address of the next microinstruction* CSee above 
foraula)* The HSR register is addressable as -both a source and as 
a sink 
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The C register is a 24~bit control register for tha 
'microprocessor* It contains the 24-bit function Box controls and 
carry input plus somQ of the processor interrupts and flags* It is 
subdivided into CA* C8* CC* CO* each four bits wide;? and CP* eight 
bits wide* CA and C8 may bo used as genera t^purposa registers, CC 
and CD represent processor Interrupts and flags (see discussion 
under Condition Registers beiou). CP- contains Function Box 
controls* CYT CO bit of CP}* CPU Ci and 2 bits of C'» ) * and CPL 
(3*4*5*6* and 7 bits of CP}. CYF {Carry Flip Flop! notifies the 
Function 8o*s that a previous unit carry must be addBd to i tu 
summary results. CPU (Control Parallel Unit} notifies tha Function 
Box of the type of unit contained in X and Ys 00 = binary* 01 = 
4-bit decimal. CPL (Control Parallel Length) specifies the width* 
in bits* of the Function Box ®nd Read/Write microinstr uc tions. 



COMBINATORIAL LOGIC QH FU^CTCOM BOX. 

The Combinatorial Logic* often called the Function Box* produces 
the Result Registers* Inputs are tha X register* fcho Y register 
and the Carry Flip-Flop iC¥F)« The inputs are combined under 
control of the Control Parallel Unit {CPU) register and the 
Control Parallel Length (CPL) register* When values are loaded 
into the X and Y registers* a large collection of output' values 
an4 comparisons (called ftcsult Registers) is sia da available to all 
subsequent microinstructions* 
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RESULT REGISTERS 



The Result registers are outputs from the 2*»-bit Function 3ox«, Their 
contents are produced ifisraedi ately and autouat ica li y frost the inputs to 
the Function Sox €X* Y and CYF) ax\ti cannot be changed except by 
changing inputs or by changing CPU {Control Parallel Unit) or CPL 
CControl Parallel Length). If the value of CPL is less than 24* then 
the 24 (struts CPL bos t^signi f i cant bits of all Result registers ui-li. be 
zero* These registers are source registers only and therefore cannot 
be used as the sink (destination) register in a HOVE or in any other 
instruction* 



XGRY RESULT REGISTER 

This register contains the INCLUSIVE OR of the X register combined 
with the Y register. This is a bit by bit operation with 

corresponding pairs of bits treated independently* 

XAMY RESULT REGISTER 

This register contains the AMD of the X register combined with the 

Y register* This «s the logical product of the X register and the 

Y register* Corresponding pairs of bits are treated independently* 

XEQY RESULT REGISTER 

This register contains the EXCLUSIVE OR of the X register cocib fried 

with Y register* 



CHPX RESULT REGISTER 

This register contains the l®s eouptessenfc of the X register 



CMPY RESULT REGISTER 

This register contains the i s s complement of the Y register 
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iASKX RESULT REGISTER 

ffasked X contains the tou^onier bits of the X register. The value 
of CPL determines the number of bits placed in KSKX. All other 
high-ordcr bits ars zero* If CPL is equal to Zk* then HSKX is 
identical to the X register* 

MSKY RESULT REGISTER 

tasked Y contains the low-order bits of the Y register* The value 
of CPL determines the number of bits, placed in HSKY* Ail other 
high-order bits are 2org e If CPL is equal to 24? WSKY is identical 
to the Y register* 

SUa RESULT REGISTER 

Sum is the decimal or binary value {determined by CPU} of the X 
register plus the Y register plus the CYF register* Correspondi ng 
pairs of bits are grouped by CPU control? and groining way be 
binary or k-»bit decimal. If the sum of CX*Y*CYF> is larger than 
the size specified by CPLp than the C¥L CCarry Level) Mill be true 
(one)* CYL may bo gated Into CYF through use of the CARRY 
instruction*' 

DIFFERENCE RESULT REGISTER CDIFF) 

OIFF stores the amount resulting from the subtraction of tho sura 
of the contents of the Y and CYF registers from tho contents of 
the X register* The contents of the CPU register determine whether 
the subtraction is decimal or binary* Corresponding pairs of bits 
are grouped by CPU* If tho difference is negative* X-( Y*CYF)<0* 
then Diff Result will be in 2*s coeipiefsent for® or IO f s complement 
form depending upon the mode* either binary or decimal 
respectively? and CYO CCarry Difference) will be true Cone)- 

NOTES The CYO register is not conditioned by CPL? it is always 

based on a 2h«"biZ comparison* The prograoaer* therefore* 

gust know what is In the high-*order positions of the X 

register and the Y register if CPL is less than 24. 
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The processor e?akes use of the Scratchpad for temporary storage of 
Active registers. The Scratchpad may be addressed as sixteen* 48-bit 
double words or thirtytuo* 24-bit words* 



SCRATCHPAD WORDS - 24 SITS 


EACH 






SOA 


S4A 


S8A 


S12A 


SOB 


S4B 


S8B 


size 


S1A 


S5A 


S9A 


S13A 


SIB 


S58 


S9B 


S13B 


' S2A 


S6A 


S10A 


S14A 


S2B 


see 


S10B 


S14B 


S3A 


S7A 


SUA 


S15A 


SS8 


SFB 


sua 


$153 


DOUBLE SCRATCHPAD WORDS - 


48 BUS 


EACH 




SO 


S4 


ss 


S12 


si 


S5 


S9 


$13 


S2 


S6 


sio 


Si4 


Si 


S? 


su 


SIS 



CSn ™ SnA AMD $r\B concatenated* where n = through 15) 



CONSTANT REGISTERS 



The following is a description of tho Constant registers* 
MAXIMUM MAIN MEMORY REGISTER 

The 24-bit MAX5 register is set by ths field engineer and certains 
the value of the maximum installed number of main memory bits* Il- 
ls addressable as a source only* Main siotaory addresses begin at 
zero- The tower 15 bits are always zero* i»e«» MAXS has a 40 96 
byte C32K bit) resolution. 

MAXIMUM CONTROL MEMORY REGISTER 

The 24«bit MAXM register Is set -by the field onginaer and contains 
the value of the faaKiG*urss installed number of control semory words* 
each word comprising 16 bits* It is addressable as a source only. 
Th@ tower 10 bits are always zero? i*e«* MAXM has a 1024 word 
resolution* On the B1712/B1714 MAXM ni 14 always contain zero* 
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MULL REGISTER 

The MULL register Is a 24-bit* addressable field of zeros. 

INPUT/OUTPUT REGISTERS 



The following is a description of the Input/Output registers* 

CONSOLE. SWITCHES 
CM'Mettory Processor only) 

This 24-bit register reflects the current state of the 24 Console 

switches on the processor* 



CONSOLE CASSETTE TAPE INPUT CU) REGISTER 

Tho U register accumulates the data read frora th® tape cassette on 
the Console control panel* It is addressable as a source in the 
RUH ERode with the MOVE REGISTER microinstruction and in tho 
mode with the HOVE 24-BIT LITERAL micro! nstruct ion* CSoe 



Statements: LOAD 
Cdestination)* 



HSNA«) It is not addressable 



as 



TAPE 
MIL 

sink 



COHHANO REGISTER 

The CHMD register is 
controls* It is 24 bits 



used to transfer commands to the I/O 
uide arid is addressable as a sink only* 



DATA REGISTER 

Tho DATA register is used to transfer data to 

controls and their peripherals* It Is 24 
addressable as a source or as a sink* 



and 

bits 



f r oni 
w i de 



the 
and 



I/O 

i s 
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CONDITION REGISTERS 



There are five Condition registers^ 

Binary Conditions CBICN) 

Field Length Condit ions(FLCN) 

Interrupt Conditions CINCN) 

X AND/OR Y registersCs) Conditions CXYCN) 

X AMD/OR Y register$<s) States Conditions CXYST) 

Each Condition register consists of four bits* The bits are identified 
from left to right and are assigned the position numbers thru 3* 
with being the nost-signi f icant fcit. 

All Condition registers are source registers only* They msy be moved 
to another register or tested? using the IF and SKIP instruct ions* for 
their current contents. They may not be the sink (destination) 
register of any instruction* 



eir 



8ICN 



XYCN 



XYST 



FLCN 



INCN 






LSUY 


MSBX 


LSUX 


FL=SFt 


NQ-DEVICE 


1 


CYF 


X = Y 


ANY. INTERRUPT 


FL>SFL 


HI-PRIORITY 


z 


CYD 


x<y 


Y NEQ 


FL<SFL 


INTERRUPT 


5 


CYL 


■ ' X>Y 


X MEQ 


FL NEQ 


LOCKOUT 



BINARY CONDITIONS CBICM) REGISTER 

LSUY is true if the least-significant unit of the Y register is 1 

and the Control Parallel Unit <CPU3 register spec! fies** binary CCPU 
~ 0>i or 9 and the CPU register specifies decimal CCPU =* i>. 



The Carry Flip-flop CCYF) register indicates 
carry-in bit -in the Control Parallel CCPI 
register may be nanipuiatcd as part of the CP 

CARRY Instruction* 



the value of the 

register. The CYF 
register and by the 



The Carry Difference CCYOJ register is 
condition is not affected by CPL#> i«e*# 
taade« 



true if X-CCYF + YXO. This 
a 2^-bit conpare is always 



The Carry Level CCYL) register is true if CX*Y*CYFK limited 
the Control Parallel Length CCPLJ register* overflows. 



by 
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XY CONDITIONS tXYCN) REGISTER* 

MS3X is truo If the most-significant bit of the X register, as 
determined by the Control Parallel Length CCPL5 register, is a I* 

NOTE: The comparisons of the X register to -the Y rogfstor are not 
affactad by CPL# they av® aiways 24-bit compares* 

XY STATES CXYSn REGISTER* 




AMY. INTERRUPT 

This bit is true if any of the following conditions in registers 
CC» CD, or INCN CM -Memory Processor! are trues 



Event 

MISSING DEVICE 

PORT INTERRUPT 

1/0 SERVICE REQUEST INTERRUPT 

CONSOLE INTERRUPT 

MAIN MEMORY READ PARITY 
ERROR INTERRUPT 

MEMORY WRZTE/SWAP ADDRESS 
OUT OF BOUNDS INTERRUPT 



.Register <Bit Position! 
INCNCO) 
INCNC2) 

CCC2> 
CCO> 

COCO* 

CD<3> 



ihf* rr and CD registers are both 4-bit source and sink 
r/estfnatfon, registers within the C register. The bits jn each 
arc numbered through 3, with bit b«»ng the most significant. 
They have been assignees tho following uses and meanings. 
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CCIO) STATE LIGHT 

CCCI) TIMER INTERRUPT 

CCC2) I/O SERVICE REQUEST INTERRUPT 

CCC3) CONSOLE INTERRUPT 

COCO) MAIN MEMORY PARITY ERROR 

CD<1) MAIN MEMORY WRITE/SWAP ERROR OVERRIDE 

CQC22 MAIN MEMORY READ OUT OF SOUNDS ERROR 

CQC3) MAIN MEMORY WRITE/SWAP OUT OF BOUNDS ERROR 

All bits in the CC and CO portions of the C register* once set* 
remain sot even though the conditions that caused then to be set 
may no longer exist* Therefore* if it is desired to clear any of 
these bits to zero* this must be clone explicitly. CDCDp CDC2)» 
and CDC 3) of the C register are always zero in the S-Kenory 
Processor but still may be addressed and tested* 



CONSOLE 
CCCC3J) 



INTERRUPT 



This bit is set yhen the interrupt toggle suited on the Console 
control panel is turned on* It regains sot as long as the switch 
is on* It can foe reset programmat ically- but not by turning the 

Console toggle snitch off*. This bit Is also reported in 
ANY.INTERRUPT when it is on* 



MAIN MEMORY 
CCDCO)) 



READ PARITY ERROR INTERRUPT 



This bit is set h'hen a main- memory parity error is detected during 
a READ or a READ portion of a SHAP operation or when an attempt, is 
wade to access non^axi stent fsain raeaory« 



MAIN MEMORY ADDRESS OUT OF SOUNDS OVERRIDE 
CC0C1J) Cri* Memory Processor only) 

This bit is testad if the Field Address CFA> register setting is 

less than the Baso Register CBR) setting or greater than or oquat 

to the Liiaifc Register CLR) setting* then WRITE or SWAP* operations 

will be inhibited unless this bit is set Cone), The state of this 

bit does not affect the setting of C0C2I or CDC3K 
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READ ADDRESS OUT OF BOUNDS INTERRUPT 
(CDC2>) (M-Memory Processor only) 

This bit is set when a READ operation is attempted and the Field 
Address (FA) register setting is either less than the Base 
Register IBR) setting or greater than or equal to the Linil 

Register CLfO setting. The READ operation is not inhibited. 

WRITE/SWAP ADDRESS OUT OF BOUNDS INTERRUPT 
CCD<3)> (M-Keaory Processor oniy> 

This toit is set v*hen a WRITE or SWAP operation is attempted and 
the Field Address CFA> register setting is either less than tno 
Base Register CBR> setting or greater than or equal to the L*«it 
Register CLR> setting. This bit, when on* is also reporter in 
ANY •INTERRUPT. 



FIELD LENGTH CONDITIONS CFLCW1 REGISTER 

All conditions are based upon comparisons between the 16 bits 
the Ft register and either zero or the corresponding low-order 
bits of the first word in the Scratchpad CS0B>. 



of 
16 



INTERRUPT CONDITIONS CINCN) REGISTER 
(M-Meiaory Processor only) 

NO DEVICE is true if an interrupt message is present in the 

dispatch buffer for a port or channel ^hich does not have a oevice 

attached So it. This condition is normally cleared by the 
processor with a DISPATCH READ AND CLEAR Instruction. 

HI PRIORITY is true if there is a high-priority message present in 
the dispatch buffer* 

INTERRUPT is true if there is a message present in the dispatch 
buffer for the processor. This condition is normally cleared by a 
DISPATCH READ AND CLEAR instruction. It is also reported in 
ANY. INTERRUPT. 



LOCKOUT 
use** ) • 



is true if the interrupt system is locked (marked as "in 
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REGISTER DESIGNATIONS AND AREAS OF APPLICATION 



The following is a list* arranged by areas of application* of 
registers and their associated designations* 



MICROINSTRUCTION CONTROLS 

A (Microinstruction Address) 

M (Current Microinstruction) 

TAS ' Clop of Address Stack) 

TOPM (Logical Top of M^Meraory? 

H3R (Microinstruction 8ase Register) 



S-HEMORY CONTROLS 

8R CBase Register) 

LR (Limit Register) 

FA (Field Address) 

ft (Field Length) 

CP (Control Parallel) 



INTERRUPT CONTROLS 

cc 

CD 
INCM 



PARALLEL WIDTH CONTROLS 



C 

CP 
CPL 

CPU 
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ORGANIZATION OF FIELDS AND SUBflELDS 



ho following is a description of the organization of register 
nd subfieids* expressed in the notation of MIL structur 
ect arat ions* 



Tho 

a 
d 



fields 

ed data 



01 C BITC24)* 

02 CA 6ITC4)* 
02 CB BITtAJ* 
02 CC SITC43* 
02 CD BITC4)* 
02 CP BIU8)* 

03 CYF BIT< i>* 
03 CPU BITtZ)* 
03 CPL BirC5>* 



NOTES c does not exist as 
a composite* only 
as subfsetds* 



01 F BITC48)* 

02 FA tm<24>» 

02 FO 8ITC24>p 
03 FO BITC4>» 
OS FT BXTC4}* 
03 FL 8iT<16>* 

04 FLC BITC4), 
04 FLO 8ITC45p 
04 FLE BITC43* 
04 FLF BITC4>; 



01 L BITC24I* 

02 LA 8XTC45* 
02 LB BITC4)* 
02 LC B£T<4}# 

02 LD BIT<**>* 
02 LE BITC43*. 
02 LF B2TC4); 



01 T 8XTC24)* 

02 TA BITC4)# 
02 IB BITU)» 
02 TC GZT<4>» 
02 TO eiTC4}» 
02 T£ BIT<4>» 
02 TF 8ITC4H 



MIL STATEMENTS 



8 - 1 



Following is an alphabetical list of 
section* 



Hit statements found fr« this 



Statement 



Page 



Stat em©nt 



Page 



ADD SCRATCHPAD 6-2 

ADJUST 8-3 

AND 8~4 

ASSIGN 8-6 

BIAS 8-7 

BRANCH. EXTERNAL 8-9 

CALL 8-10 

CALL. EXTERNAL 8«11 

CARRY - 8-12 

CASSETTE 8-13 

CLEAR 8-14 

CODE. SEGMENT 8-15 

COMPLEMENT 8-16 

COUNT 8-18 

DEC 8-20 

DEFINE 8-21 

DEFINE. VALUE 8-22 

*DISPATCH 8-23 
EMIT. RE TURN. TO. EXTERNAL 8-25 

EOR 8-26 

EXIT 8-28 

EXTRACT 8-29 

FA. POINTS 8-31 

FINI 8-32 

GO TO 8*33 

HALT 8 "34 

IF 8-35 

INC 8-41 

JUMP 8«42 

LIT 8»43 

LOAD 8-4 4 

ftLQAD«HSMA 8»45 

LOAD. S MEM 8 "4 7 

MACRO 8-48 



HAKE. SEGMENT. TABLE. ENTRY 8-5 

MICRO 3-51 

*M. MEMORY. BOUNDARY 0-52 

MONITOR «~5 3 

MOVE 3-54 

NOP 8-5 6 

NORMALIZE S«5? 

OR 9-58 

*OVERLAY 8-60 

PAGE 8-61 

POINT 8-62 

PROGRAM. LEVEL 0~63 

READ 8-64 

REDUNDANT. CODE 8-66 

RESERVE. SPACE 8-67 

RESET 8-6 8 

ROTATE 6~70 

SEGMENT CWI 

SET 8-72 

SHIFT/ROTATE T 8-74 

SHIFT/ROTATE X/Y/XY 8-76 

SKIP 0-77 

S.MEMORY.LOAO 0-79 

STORE 8-80 

SUB. TITLE 8-81 

SUBTRACT SCRATCHPAD 8-62 

*SHAP U-33 

TABLE 8-84 

TITLE 8-85 

TRANSFER. CONTROL 8-36 

WRITE tt-87 

WRITE.STRING 0-39 

XCH 8-91 



* Available on 81720 systems only 



ADO SCRATCHPAD 



SYNTAX: 



8-2 



ADD SCRATCHPAD 



ADO' 



scr atchpad*wor & 



•TO FA- 



>1 



SEtfANTICSs 



This instruction adds the left half of any scratchpad word 
CSGA*,.S15A) to the Field Address CFA) register. The result is placed 
in FA? the contents of scratchpad*, uord remain unchanged. CSee alsos 
SUBTRACT SCRATCHPAD.) 



EXAMPLES 



A00 S9A TO FA 



B - 3 



BURROUGHS CORPORATION COMPANY CONFIDENTIAL 

SANTA BARBARA PLANT MIL P.S. 2212 5298 

Tabie 8-3: Microinstructions 



iVlCP?0"MAWe-^ 15 



REGISTER MOVE 



? SCRATCHPAD MOVE- 



4 SIT 
WANJ I PULATE 



I BIT TEST REL. " ." 

5 BRA NCH FALSE ;tg 

|" BIT TEST ~ RETT \/~ 

| BRANCH TR UE, U 

SKIP WHEN !§ 



READ /WRITE 
MEMORY 



MOVE 6 &l" 
LITERAL 



| MOVE 24 BIT ?& 

| LITERAL M 

f~SH I F T~7 ROTATE." - f$ ' 

I. T REG |f 

f" E X TRACT T ROM ff 
j T R EG §;? 

i BRANCH BT 

I RLLATiVE J";] 

r "cAiir II" 

g rela~ive W 

| SWAP MEMORV 61 ° 



_ .._ .__.8 

CLEAR 
REGISTERS 






5H! FT/ ROTATE i;| 
X O R Y M 



i. SHI FT/ ROTATE ~?S 
I __ X AND V t| 

I COUNT FA/FL §>< 

| t'-f 

I EXCHANGE OPW p 



SCRATCHPAD 

relate: FA 



DISPATCH 



CA55ELTTE. 
CONTROL 



1-3 o 



BIAS 



IS 



INTO pf 



S STORE F I 

| D Pw _ 

I loadTTrom i 

I D PW_ _J 

\ CARRY FF" I 
! MANIPULATE 



EXE ROSE 
MS,V(L) 



< ' 



HALT 



j OVERuAY 

*, _ M-S""RiMG 

j NORMALIZE X 

j BIND 

. .. ^j. IT..-' M3R 
(NO OPERATION 



MC 
14 



10 9 



ME 



I | REG 1 GROUP : R£G 1 REG 2 ! REG 2 GROUP 

I SOURCE REGISTER SELECT ; SELECT i SINK REGISTER 



o *§i 

SSI VARIANTS 




00 

ooo 



10 
010 



1 1 

01 I 



REGISTER GROUP 
SOURCE OR SINK 



I REGISTER GROUP, 
* BIT SCR 5c SNK 



R EG : VlOV r bPW ! DOUBLE >Ab~\A'ORD" 
^JSELECT [_D!R ; ;/Z \ ADDRESS 

REG MANIPULATE !~4 BtT~ ManTp 
i SEL • VARIANTS \ LITERAL* 



MOV DIR : 
1/2 DPW : 

manTpT 

VAR! AN" 



j P — R 
! LEFT 



R-^p 
RlGhT 



REGISTER GROUP, jREG TE5TBIT r DSP . RELATIVE" "a RANCH It'DSP SIGN 
4 BIT SOURCE. 'SEL NUMBER . SGN i DISPLACEMENT MA,-, fa 



H 



REGISTER GROUP ! REG." TEST5IT : DSP '~RELAT! VE 'bpaNC^ **> DSP SIGN 
.^-P.LTLj?5'H^ c: ^L_^lLT_±Ly M ?^ R _SG^D!SPLACEMENT MAG.fc' 
REGISTER GROUP REG 5kTp TEST " '"4B!T TE^"lMASK & ''~'*>OP~F~yi 
4 BIT SCR g, SNK 'SEL VARIANTS J g| VARIANTS 

DATA TRANSFER 



R/WXOUNT FA/FL DATAREG 



VAR! VARIANTS 



~W 



REGISTER GROUP; 
j__REG_SEL IS 2 . 



ODE \ SGN WIDTH MAGNITUDE 



REGISTER GROUP 
RE.L 5EL IS Z. 



'1 R/W VAR : 

j| CNT VAR: 

ENTIRE S BITS OF 8 SIT LITERAL^'"" ~|| RLG SE . . 

f| TW StGKjj 

6 MOST SIGNFICANT BITS OF if 

FULL 24 BIT LITERAL ** 



F.CR INC 



INC 
"EST 



DEC DEC 
TEST 



ANY : ALL ; EQL j ALL 
_£Lg/__CLR/ CLR/j CLR 
READ WRT ' 



ANY/ ALL / EQL / ALL / ? 
CLR/, CLR / CLR / CLR I 



NOP 



~A f 



FU 



FA 4 

FLt 



SINK REGISTER 
GROUP 



SNK REG i/R LEFT SH I F T/_ROTATE " fg 5/ R VAR: J5HFT;ROT 



SELECT VAR 



D5P 

5GM 



RIGHT BIT POINTER '~SNX~REG 
FOR EXTRACTION FLO CODE 



COUN" 

E XTRACT10N~Fi ELD 
WIDTH 



SINK REG 
CODE -. 



X 



DSP SIGNJ: i 4- 



DSP 

SGN 



1LATIVE DISPLACEMENT MAGNITUDE 

|f DSP SIGNtj + 



RELATIVE CALLED ADDRESS MAGNITUDE 



I DATA REG 
I CODE 



: TW 

SGN 



DATA TRANSFER WIDTH ttj TsV SIGN ; ; + 



MAGNiTUO 



^REG_COpr_ : j x 
j L ■ T ; Y . x ! FA FL FU : CP |4 "" '"" l"""" 

i :L E ?„.. R T. G . ..^^...^p.i R J^ G _RE-G_REG JREG $ j 

Ib/k DIR 'X/Y . LEFT OR RIGHT XOR y" - ~~~~~ i 
¥*■*.} ANT . '■ X AR ! SH I FT/ ROTATE C OU Ni T 



V( X/Y VAR: j X 
g S/R, DIR : j 5FT-. S c 
LEFT CR RIGHT X AND Y "Sj S/R. CIS "]'.__ ■ -~ .„„^ „„. 






I j S/R.DI 

S_^ A? \L A NTj_ SHIFT/ROTATE COUNT 

T COUNT FA/VlF " COUN^SCaTaR - 

VA RIANT5 ■ MAGNITUDE 

1 S INK DPW j SOU R C E " D PVV 
j ADDRESS j ADDRESS 



■ROT— 'ROT-*- 



II COUNT FA/ | NSF" FaV 



|j FL VAR : 

m 



fa * 

FL * 



/' 



OS? . 

SGtsli 



LEFT HALF PAD 
WORD ADDRESS 



m DSP SIGN!: i + 



LITERAL OCCURRENCE IDENTIFIER 



-I 



DISPATCH 
VARIANTS 



5KP S : » SKP FLA 
FLO H Dl 



i 



if 



j CASSETTE 
_ jMANIP VARIANTS .• 

! • BIAS *TST 

VARIANTS FLG 

5 INK CPW 

J ADDRESS 

! < SOURCE DPW""~' " 

| A D_D RE3_S ; 

| CY_r ! CYF "CYF.C Y F ""i 
J CYD i CYL 

1 i ~~0 ~~0~ 



FAIL SUCC ■ ; " j 

VAR^iLOCX WP.TLO READ R*«.C WftTHI ASSNT UMDEr umdefJ 

A55ETTE j START S'T OP ©STOP ON UNDEF UNDe"FuwDEf3T0P0n"uNDEf1 

""" ; i X = Y i i 



V^ANJP^ | JAPE CAP X-+Y 

TEST FLG : f _ sf / " 

BIAS VAR: UNIT 



F£ . NJ0P FOP ■ N0P | N0P I 



O R/VV s§ R/W VAR 

VAR i<v 



READ WRIT" 
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ADJUST 
SYNTAX: 



ADJUST 



„l 



ADJUST LOCATION TO— — 

I 
I- 



*»«»<B«»w*i>a«*wme»r»4M«.t «•«*<■>*>«« ■> «a «a mt «> i 



— literal--— >i 



LOCATION— — 
I 

I-' 
I 

1 

!-■ 



t 

-PLUS >i 

I 

I 

-MINUS — >1 
C 



SEMANTICS: 



This pseudoroperat ion adjusts the phys ical.code.addres s of 
compiler. The value of the physical. code*address 
location (control mesory address) into which the 
oi croinstruction is to be placed* generally by 
loader* CSee also Segmentation: Label Addresses.) 



the 

specifies the 

next generated 

user-developed 



LOCATION PLUSC+) or MINUSt-l increment s/decreraents the 

physical -code. address by the value of the literal* If this option is 

not used* the the phys ical. code-address is set to the value of the 

literal* 

The literal nust have a value of MOO 16* 

NOTE: This instruction is generally used to coapensate for 
disposable loader routines* 



EXAMPLE: 



ADJUST 


LOCATION 


TO 


31003 


ADJUST 


LOCATION 


TO 


LOCATION ♦ 32 


ADJUST 


LOCATION 


TO 


LOCATION MINUS 



128 



AND 



SYNTAX* 



8 - k 




AND- — source .sink .regi star- — WITH-—-— source, register* 



l — literal 



S 



>i 



SEMANTICS? 



This instruction logically ANDs the contents of a 4-bit source and 
sink (destination) register with the bit configuration of the literal 
or the contents of a 4-bit source register* The result is placed in 
source. sink-register? the contents of source. regis ter remain 
unchanged* (See also: OR and EGR.) 

The register nay be any of the following: 



source. sink .register 

CA C8 *CC *CD 

FT FU 

FLC FLD FIE FLF 

LA L8 LC ID IE LF 

TA TB TC TD TE TF 

TOPM (avaiable on 81720 only) 



source*register 

source. sink* regis ter 

BICN 

FLCN 

INCH (available on 81720 only) 

PERR (available on 81720 only) 

XYCN 

XYST 



* CC and CD represent processor interrupts and flags 
The literal has a decimal range fron to 15* 



8 



AND 
cont 



ANO 
cont 



SEHANTICS cont: 



TABLE a-ls AND Truth Table 



Source & Sink 1 
Register I 



Literal 
Source Register 



t Source t Sink 
f Register 



1 



1 Yields I 3 
I Yields i 3 



I AND 9 

I j 

I AND I 



I 



I 



f „..j 

I Yields I 3 
I { 

1 Yields S I 



I AND f 
I 1 

I AND I 



EXAHPLE 



AND TB WITH 3 



I TA I TB I TC I TO I TE I TF 1 
— — j — | 1 — | — | »- f 1—. .. .-., ... 

I T I 0000 1 1010 i 1111 I 0011 i 0001 J 0010 I before C0AF312) 1 



1 



I 



1 



1 



I 



I 



I 



t 1 ■-- I 0011 i — i — i — i — i literal 13) I 

I 1 •-.«! fl «! -J-- g- S i 

I T I 0000 I 0010 I 1111 I 0011 1 0001 I 0010 1 after C02F312) 1 



ASSIGN 



SYNTAX* 
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ASSIGN----ARCHITECTURE.NAME-— — * -«— -character .s tring 1 
I 
I 
I 
I 
1 
1 
I 
I ATTRIBUTE literal AS identifier » 



•COMPILER. LEVEL — — = - — literal 

I 
'MCP. LEVEL >l 

f 
'GISMO. LEVEL >! 



>l 






>i 



SEMANTICS: 



This statement assigns values to the various interpreter verification 
attributes. These attributes occupy fields in the IPS llnterpreter 
Parameter Block) of ail MARK IV.1 and later interpreters* They are 
accessed at 80J <8eginning of Job) time by the MCP and are used to 
verify that the proper interpreter has been chosen. 



The character. string for ARCHITECTURE. NAME Bust be a string of 10 
fewer characters* and must be enclosed within quotation marks. 



or 



Literal has a decimal range from to 255 for COMPILER. LEVEL* 
MCP.LEVEL* and GISHu.LEVEL; and from to 79 for ATTRIBUTE. 



EXAMPLE: 



ASSIGN ARCHITECTURE. NAME = "GISM0.26' 

ASSIGN MCP. LEVEL = 197 

ASSIGN ATTRIBUTE 64 AS ITEM.01=1 



e - r 



BIAS 
SYNTAX: 




BIAS BY 




aa««aicaaia««aia«»oa««a««^l 



f I 

I TEST — >l 



- — AND F— >J 



SEMANTICS* 



This Instruction sets the Control Parallel Length <CPL) register and 
the Control Parallel Unit <CPU) register to values calculated from the 
given operands* 

NOTE: All references to register S refer to the SFL or SFU 
registers in the second half of the first scratchpad word* 
e«g*» the SLF Clow order 16 bits) part of the SOB register* 

The CPU register will be set to 1 if the value of the the Field Unit 
CFU) register is set to 4 or 8? otherwise CPU is set to 0* This is 
done for alt variations of 8IAS except BIAS BY S# which sets the CPU 
register from SFU rather than from the FU register. 



BIAS BY ••• sets the CPL register equal to 24 or to the 
specified register if it is less than 24* BIAS 8Y UNIT 
register equal to the FU register (4 for 4-bit decimal* 
decimal* or any other value less than 16 for binary)* 



value in the 

sets the CPL 

8 for 8-bit 



If the TEST option is used the above actions are performed* and 
next microinstruction is skipped if CPL has not been set to zero* 



the 
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6IAS 
cont 



BIAS 
cont 


— 



EXAMPLE: 



BlAi 8Y F 



BIAS BY F AND CP 



BIAS BY UNIT 



This instruction sets the CPL register to 24 or to 
the value of the Field length CFL> register* if it 
is less than 24. It also sets the CPU register 
equal to the unit in the FU register* 

This Instruction sets the CPL register to 24* to 

the value in the FL register* or to the value in 

the CPL register* whichever is the smallest. It 

also sets the CPU register to the unit in the FU 
register. 

This instruction sets the CPL register equal to the 
length of the unit of the type specified by the FU 
register* It also sets the CPU register equal to 
one unit of the type specified in the FU register* 
i.e.* 4-bit decimal* 8-bit decimal* or binary. 

NOTE 

In all cases except UNIT* CPU is set to 1 
if Fi) Cor SFU> is 4 or 8* otherwise CPU 
1s set to 0. If UNIT is specified* CPL is 
set directly to the value in FU. 
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BRANCH.EXTERNAL 



SYNTAX: 




BRANCH. EXTERNAL-- "-TO- — -label— — ->! 



SEMANTICS 



This instruction transfers control to the external segeent location 
specified by label* (Sees Segmental ion« J 

Label »ust be associated with a run time address that has a 
displacement from the BRANCH. EXTERNAL instruction of less than 4096 
ni cro in struct ions. 

NOTE* If an external segaent does not exist because $N0 EXTERNAL 
has been specified* BRANCH. EXTERNAL is equivalent to GO TO. 



EXAMPLE. 



BRANCH-EXTERNAL TO EXTERNAL. SEGMENT. LABEL 
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CALL 
SYNTAX: 




CALL ------- ------- "label — ->| 






i 

I 
->8 



SEMANTICS? 



This instruction stores the address of the next aicroirts truct ion in 
the A stack* then branches to the location specified by label* 

The location specified by the label aay be a wax i sura of 4095 
microinstructions away from the CALL instruction* 



EXAMPLE* 



CALL «*IN.0UT 
CALL *ABC 



CALL. EXTERNAL 



SYNTAX: 



8 - 11 




CALL. EXTERNAL' 



label*""*" - ^! 



SEMANTICS 



This instruction stores the address of the next microinstruction in 
the A stack* then branches to the external segsaent location specified 
by label. CSee: Segmentation*) 

Label must be associated with a run tine address that has a 
displacement fros the CALL. EXTERNAL instruction of less than 4096 
microinstructions. 

NOTE: If an external segment does not exist* because $N0 EXTERNAL 
has been specif ied» CALL. EXTERNAL is equal to CALL. 



EXAMPLE: 



CALL -EXTERNAL BEGINNING. OF.L OOP* 1 



CARRY 
SYNTAX* 
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CARRY- 



! 1 >! 

1 I 

f--- SUM •-"*---- — > I 
I I 

I — -DIFFERENCE--*-! 



>! 



SEMANTICS: 

This instruction sets the Carry (CYF) register to either or 1. 

CARRY or CARRY 1 sets the CYF register to or i respectively* 

CARRY SUM sets the CYF register to the value of CYL single bit. 

CARRY DIFFERENCE sets the CYF register to the value of the Carry 
Difference (CYD) register: 



CYD 



I X>Y 1 X=Y ANO CYF=0 I X=Y AND CYF=l 8 X<Y 1 
t 1 1 I I 

10 1 1 1 I'll 



The CYD register* unlike the CYL register is not conditioned by the 
CPL register. That is* all Zk bits of the X and Y registers are 
compared when setting CYF by the CYD register. The prograimer should* 
therfore* know what is in the high-order position of the X and Y 
registers when using the CYD register if the CPL register is set to 
less than 24* 



CASSETTE 
SYNTAX* 
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r~- 



CASSETTE 



CASSETTE 



"■»5Yj^fjy*»«»*«»"»«»»«»«i«»«i"i«»«»«»ai es <■».« «» ■* m ■•an «m<b m •»■••»«> -A •> >, | 



1 

I STOP* 



S 

if ** ' 



WHEN X-~ £0L Y — 

I I 

I— NEQ Y — ->I 



I 

I 

>1 



SEMANTICS 



This instruction causes the system cassette tape to start or stop a 
READ operation at the next inter-record gap* 

The information read from the cassette is loaded into the U register 
and resains there for a »axi»u« of two clock cycles before the U 
register is cleared* 



EXAMPLES 



CASSETTE STOP 

CASSETTE STOP WHEN X E<SL Y 



a - t4 



CLEAR 



CLEAR 



SYNTAX* 



CLEAR' 



f 



•—register— "••—— — 
1 I 

1 --« scratch pad, wor d--->* 



•>i 



SEMANTICS: 



This instruction sets the specified registerts) or 24-bit scratchpad 
wordCs) to zero. 

The following may be cleared: 



register 



A 

8R 

CA C8 *CC *CO CP CPU 

FA F8 FL FT Fl) 

FLC FLO FLE FLF 

LA L8 LC LO LE LF 

TA T8 TC TD TE TF TAS 

TOPM (available on 81720 only) 



scratchpad. word 

50 A 

• • • 
S15A 

S08 

• • • 

51 58 



* CC and CO represent processor interrupts and flags 

Each register clear takes one clock cycle; each scratchpad word takes 
two clock cycles. 

NOTE: MOVE NULL TO register will be generated for each register 
specified on B1710 systems. 



EXAMPLE: 



CLEAR S10A 

CLEAR BR L C8 S48 TOPM FU 



CODE-SEGMENT 
SYNTAX: 



8 » 15 



CODE. SEGMENT 



CODE. SEGMENT --label--— >i 



SEMANTICS: 



See Segmentation: CODE. SEGMENT 



COMPLEMENT 
SYNTAX* 
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COMPLEMENT register Cliteral) 



I |< — -----— -«-..„............ I . 

; ■ i i 

I--— -AND— -register CliteraU — — i 



>t 



SEMANTICS: 



This instruction COMPLEMENTS Cswitches the state of) the specified 
bit. By using the options, more than one bit in any one register can 
be complemented with the same instruction if ALL BITS are in the SAME 
4-BIT REGISTER. CSee also: SET and RESET.) E 

n!!f/? 9lSter Way be any 4 " bit source and sink Cdestination) register 
oe con* 

CA C8 CC CO CCC and CO represent processor interrupts and flags) 

FT Fl) 3 

PLC FLO FLE FLF 

LA L8 LC LD LE LP 

TA TB TC TO TE TF 

TOPM {avaiabte on B1720 only) 

tfc.'fl.MSh?? ! h !!/ L ;/ B ' L ' ° r T re 9 ist8r: a " bits aust then be in 
tne same 4-bit subfietd. 

n h L l != e ^ al h f S * t 6eci ** 1 ra "9* ^oib to 3 for a 4-bft register; from 
O to 15 for the FL register? and from to 23 for the FS, L, and T 
registers. ' 



17 



COMPLEMENT 
cortfc 



COMPLEMENT ! 
cont 



EXAMPLE: 



LA 



COMPLEMENT LOCO) AND L(13) 
LB LC LD LE LF 



L 1:0001 i 0010 I 0011 I 1000 f 0101 1 0110 I before (123856) I 

i j-« j j ... t . ...... |— - -- 1 ....... , 

L I 0001 I 0010 i 0011 1 O1O0 I 0101 I 0110 1 after (123*56) I 

g t i a ji i ii i 



i i 



3 4 



7 a 



11 II 15 16 17 18 23 
II 
LD(O) <--! I" > L<13) 



It should be noted that atost registers can be adressesed in either of 
two Mays: 

LA L8 LC LD LE LF 

10 310 310 3 1012310 3 10 3 1 
I ... 1 j-- - f 1—- 1 «-| 

I 0***3 14 7 1 8. .-11 I 12**. 15 I 16 19 I 20*«* 23 I 
— 4- ., . ...... — §- | ..... ................... 

I I I 

I— > L(0) LDCO) < — i J— > L(13) 

' or ' or or 

LACO) L(12) L0(i) 
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COUNT 
SYNTAX: 



COUNT 



COUNT"*" •»«f A* ""■"■ UP ""*"*■*** •"••■•••••••••••••••••B»«.gy H -CPL •»«■••■»••«■••■■•-»•> i 



II f 

1 I--ANO FL DOWN— >l 

I 

1— DOWN-- — — 

t I 

I--AND FL— — UP--— — I 
I i 

l--DOWN-->i 



--> 



FL UP — 

t I I 

J I— AND FA DOWN — >f 

I 

I— DOWN 

I f 

1--AND FA UP- 1 

1 I 

I— DOWN— >f 



i i 

I -literal -——---> j 
I I 

l~BITS->l 



SEHANTICS: 



This instruction increments or decreeents the designated registers by 
the value of the literal or the contents of the Control Parallel 
Length (CPL) register* If the value of literal is 0* the vatue 
contained in the CPL register is used. 

If the FA register is counted down* it may pass through Ci«e.» if 
FA=0 and is counted down by 1* it will be set to hex FFFF). If the FL 
register is counted down* it will not become less than 0. 

If either the FA or FL register overflows* wraparound to or through 
will occur* e.g.* if either is equal to the maximum value it can 
contain and is counted up by 1* it becomes equal to 0. 



The literal has a maxiaiuni decimal value of 72. 



8 - 19 



COUNT 
cont 




EXAMPLE? 



COUNT FA UP AND Ft DOWN BY 10 



FA I OOOO % 1001 I 1010 1 0111 I 1111 I 1011 I before C09A7FB) I 
j 1 |......j...... s .-f......j..... . «...| 

I — I — 1 ' -- i — I -- 1 1010 J literal ♦ A I 
I ...... | ...... | ...... j.... ..|..... •4— — . |. ....... .........| 

FA I 0000 I 1001 I 1010 I 1000 % 0000 1 0101 i after €09A805> * 



FL I 0000 § 0000 1 0000 I 1000 I before (0308) I 
j f ...... | 1 .,„ . § 

I .. I .. I .. I 10l0 f literal - A I 
% 1 1 1 1. . 1 

FL I 0000 I 0000 I 0000 I 0000 i after (0000) I 



FA is counted up by decimal 10 (hexadecimal A)* while FL is counted 
down by 8 to its jainfaum value. 
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DEC 



DEC 



SYNTAX: 



---source.ragi ster* 



DEC--source.sink.regi ster — 8Y--' 

I 

I--- literal 



>l I TEST-->I 



>1 



SEMANTICS! 



This instruction decrements the contents of a 4-bit source and sink 
{destination) register by the value of the literal or the contents of 
a 4-bit source register. The result is placed in source. sink. regi ster; 
the contents of source. regi ster remain unchanged. CSee also: INC.) 



The register may be any of the following: 
source* sink .regi ster 

CA CB *CC *C0 

FT FU 

FLC FLD FLE FLF 

LA LB LC L0 LE LF 

TA T8 TC TD TE TF 

TOPH Cavaiable on B1720 oniyl 



sour ce* register 

source* sink.r eg i s ter 

8ICN 

FLCN 

INCN (available on B1720 only) 

XYCN 

XYST 



* CC and CO represent processor interrupts and flags 
The literal has a decimal range from to 15. 

If the TEST option is used and source. sink* regi s ter underflows Cis 

decremented beyond 0* the smallest value it can contain)* the next 

microinstruction is skipped. If underflow does not occur or if the 
TEST option is not used* the next microinstruction is executed. 

NOTE: Alt 4-bit registers count modulo 16; e.g.* if a register 
contains a value of and is decremented by Z» it 
underflows to a value of 14. 



EXAMPLE: 



DEC TB BY 7 

DEC FLD BY LC TEST 
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DEFINE 
SYNTAX: 



DEFINE 



DEFINE--— -identifier = 



1 1 

I— -string-->l 



•>i 



SEMANTICS: 



This declaration assigns a nasie Cidentifier) to a string of 

characters* Any subsequent reference to the identifier is replaced by 
the string* 

String aay be a scratchpad naae (24 or 48-bit)* a register name; a 

literal; a part of one instruction* an entire instruction* part of 
which may have been previously DEFINED* or empty. It may neither begin 
with a pound sign <#) nor contain any embedded pound signs* 



The entire DEFINE declaration must be contained on one card* and 
DEFINES must be declared prior to any executable instruction* 

Nested DEFINES are allowed up to 13 levels* 



alt 



EXAMPLES 



DEFINE SOURCE*POINTER = S3# 

DEFINE OP. REG = L# 

DEFINE TEST*0P = 38000003* 

DEFINE HINT = CC<3># 

DEFINE IGNORE. HALT = RESET HINT* 



X LOAD F FROM SOURCE. POINTER 

X CLEAR OP.REG 

% MOVE TEST-OP TO 0P*REG 

X RESET HINT 

X IGNORE. HALT 



DEFINE. VALUE 



SYNTAX* 
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DEFINE. VALUE 



DEFINE. VALUE' 



Identifier « literal 



I 1 

I— ♦ .....(| t8ral .. > | 

« I 



>l 



SEHANTICS: 



This instruction assigns the value of the arithmetic result of the 
literals to the identifier. Any occurrence of the identifier in the 
program is replaced by its assigned value. 

DEFINE. VALUE creates up to a 24-bit literal. Values less than zero are 
in 2 f s coBplewent notation and are 24 bits long* 

Previously defined identifiers may be used as literals. 

The literal may be a hex value* a binary value* or a character used as 
two hex values. 



EXAMPLE* 



DEFINE. VALUE AA = 3503 

DEFINE B = AA * I 

DEFINE C = AA - 3 

DEFINE. VALUE F03 = 3CD00103 ♦ 4 



X VALUE is hex 000050 

X VALUE is hex 000051 

X VALUE is hex 00004D 

X VALUE is hex 0000D6 
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DISPATCH 



DISPATCH 



SYNTAX? 



DISPATCH 



(available on B1720 systems only) 



LOCK 



>i 



1 
t 
I 

I— -WRITE' 
I 

i— -READ-' 



I ( 

I-— SKIP WHEN U>JLOCKED-->l 



>l 



I t 

I AN0 CLEAR-->I 



SEMANTICS 



This Instruction sends a message (e.g.* an- I/O 
from the processor to a device on an I/O port- 



descriptor address) 



Before sending a message to a port* the processor should first attempt 
to gain control of the interrupt system with a DISPATCH LOCK. This is 
necessary because the interrupt system is shared by all ports. 



DISPATCH LOCK locks (marks as 
interrupt system is already 
skipped. 



"in use") the 
locked* the 



interrupt system. If the 
next microinstruction is 



OISPATCH LOCK SKIP WHEN UNLOCKED locks the interrupt system or skips 
the next microinstruction if the interrupt system is already unlocked. 

DISPATCH WRITE sends a 24-bit message to a port. Before a DISPATCH 
WRITE is executed* the L register must contain the 24-bit message; the 
seven least-significant bits of the T register must contain the 
destination port (bits 17-19) and channel numbers (bits 20-23). The 
contents of the L register arQ then stored in the Dispatch buffer 
(main memory locations Q-23)# and the port and channel numbers are 
transferred to a hardware register (Dispatch register) in the port 
interchange. The contents of the L and T register remain unchanged. 
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DISPATCH 
cont 




SEHANTICS cont 



DISPATCH READ transfers both a 24-bit message from the Dispatch buffer 
to the L register* and the source port and channel numbers to the 
seven least-significant bits of the T register* 

NOTE: If TC23J is found set after a DISPATCH READ and the source 
port is an I/O siult ip texor* a main aeaory parity error was 
encountered during the fetch of an I/O descriptor address 
or an I/O descriptor* or during a RESULT SWA 3 operation. 
Consequently* the message transferred to the L register 
will be the address +24 of the parity error. 

DISPATCH READ AND CLEAR does everythin a DISPATCH READ will do and In 
addition clears the Interrupt Condition CINCN) register. That is* it 
RESETS all INCN bits to zero. 



Only the least-significant seven bits of the T register 
in any DISPATCH operation. 



are involved 



If the SKIP WHEN UNLOCKED option is used with any variant other than a 
DISPATCH LOCK* the next-micro instruction is skipped. 
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EH IT *RETURN* TO. EXTERNAL 



SYNTAX 




EH IT. RET URN .TO. EXTERNAL- — ■ -——- — — — *->$ 



SEMANTICS: 



This instruction causes the compiter to emit the comraon code necessary 
to get back to the sain segment from the external segment. This code 
also includes the return code when the segment is exited for the last 
time. CSees Segmentation.) 



EOR 



SYNTAX: 
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EOR* -- source. si nk .regi ster---W I th- ------ source. register' 



l---literal' 



I 



>i 



SEMANTICS: 



This instruction logically EXCLUSIVE ORs the bits in a 4-bit source 
and sink (destination) register with the value of the literal or the 
contents of a 4-bit source register. The result is placed in 
source. s ink. regis ter; the contents of source. regis ter reaain 
unchanged. (See also: AND and OR.) 

The register may be any of the following: 



sour ce. si nk. register 

CA CB *CC *CD 

FT FU 

FLC FLD FLE FLF 

LA L8 LC LD LE LF 

TA T8 TC TD TE TF 

TOPM (avaiable on 81720 only) 



source. regi s ter 

source. sink. re gi ster 

6ICN 

FLCN 

INCN (available on 81720 only) 

PERR (available on B1720 only) 

XYCN 

XYST 



* CC and CD represent processor interrupts and flags 
The literal has a decimal range froe to 15* 
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EOR 
cont 



EOR 
cont 



SEMANTICS cont 



TABLE 8-2 EOR Truth Table 



i Source I Sinfc 
§ Register 


1 
1 




Literal 
Source Reg 


i ster 




i 
1 


Source t Sink t 
Register 1 


1 o 

1 o 




1 
I 


EOR 
EOR 


I 
1 



1 


S 
1 


Yi elds 
Yields 


1 
1 


i » 


1 1 




1 


EOR 


1 





I 


Yields 


i 


i i 


I 1 




1 


EOR 


1 


1 


1 


Yields 


1 


a « 



EXAMPLE: 



EOR TB HUH 3 





1 


TA 


1 


TB 


1 


TC % 


TO 1 TE 8 


TF 1 








« 


0000 

Ml • 


I 
1 


0101 
0011 


i 
f 


1111 1 
-- 1 


0011 1 0001 % 

«... | •• | 


0010 1 
-• t 


before C55F312) 

EOR 1030000) 


a 
t 


1 


T I 


0000 


1 


0110 


1 


1111 I 


0011 1 0001 1 


0010 1 


after (06F312) 


s 



EXIT 
SYNTAX: 
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EXIT 



>t 



SEMANTICS 



This instruction returns program control to the calling routine by 
causing the compiler to generate a HOVE TAS TO A operation. 

The top of the A stack CTAS) is moved to the ADDRESS <A) register*, 

which is used by the hardware logic as the address of the next 

aicroinstruction to be fetched. The stack is decremented automatically 
by the hardware after the move. 

NOTE: MOVE TAS TO A may be used instead of EXIT with the saae 
result* 



EXTRACT 
SYNTAX* 




EXTRACT — arithiaetic.exp BITS FROH T CUterall-' 

I— declared. id FROH T — — — >I 

I 
|--Ctiterai>-- , ->! 



I 1 

S I 

I--X— >i 

1 I 

i--r-->t 



>• 



SEMANTICS: 



T 

no 



T register and 
a destination 



his instruction isolates the specified bus fro the 
w oves the® to a destination register <L# T, X, Y>. It 
register is not specified* T is assumed. 

The value of the following combinations may not exceed 24 bits: 



arithmetic. expression * literal 

CPL * literal 

DATA. LENGTH of declared. ident if jer 



DATA. LENGTH of declared.* dent if ier ♦ ***f ** ss of declared. identi fier 
niTA_fFNGTH of dec tared. i dent i f i er ♦ DATA. ADDRESS or oeciarea.ia* 



DATA. LENGTH of dec 



NOTES: 
1* 



If arithmetic. expression « 0, CPL indicates the number of 
bits extracted. 

If the starting bit for declared.identif ier is not specified, 
its DATA. ADDRESS is used* 
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EXTRACT 
cont 



EXTRACT 
cont 



EXAMPLES 

EXTRACT 4 BITS FROM TC20) TO L 
TA TB TC TD TE TF 
T I 0000 f 0001 I 0011 I 1000 I 1110 I 0100 1 before (0138E4) 1 

TC20) 
LA L8 LC LD LE LF 

L I 1001 1 1110 I 0011 I 1001 I 1111 i 1100 f before UE39FC) I 
I . — --- 1 f j .•!-.- j f , ! 

L I 0000 I 0000 I 0000 I 0000 1 0000 I 0100 I after (000004) I 



Register T remains unchanged while its four extracted bits are placed 
in the L register. The bits are right-justified; leading zeroes are 
added. 

NOTES EXTRACT BITS FROM TC23) TO a destination register may be 
specifed* but the programmer must OR into the M register 
the number of bits to be extracted. Caution must be 
exercised* however* when ORing into the M registers the 
machine hardware instruction requires the right-bit pointer 
for the extraction field* not the left- The hardware also 
Indexes the T register from I to 24* left to right* not 
to 23* the assembler performs this conversion* 
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FA. POINTS 
SYNTAX* 



FA. POINTS 



FA. POINTS TO- 



arithraet ic. ex press Ion 



>! 



SEMANTICS* 

This pseudo-operation does not generate any code. It merely informs 
the compiler of the current contents of FA. This information is then 
used when compiling the POINT constructs in the READ* WRITE and POINT 
instructions. 

The FA. POINTS and POINT constructs are provided so that the user may 
symbolically reference the memory structures declared in a declaration 
statement. Such references Mill show up in a cross-reference listing 
and can often result in automatic code changes when the declaration 
changes. 



EXAMPLE: 



DECLARE 

J 01 STRUCTURE* 

02 DATA. A BIT(IO), 
02 DATA. 8 CHARACTER 
02 DATA.C FIXED; 



<20>* 



FA. POINTS TO DATA. A 

READ DATA. LENGTH CDATA.AJ BITS TO X POINT FA TO DATA.B 

POINT FA TO STRUCTURE 

MOVE OATA.C TO FA 

WRITE DATA. LENGTH CDATA.C) BITS FROM Y POINT FA TO DATA.B 
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FINI 
SYNTAX: 




FINI 



>| 



SEMANTICS: 



This instruction signals the compiler that the end of the input record 
has been reached. It should be the last statement in the source 
program* 
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GO TO 




SYNTAX: 










1 f 




1--- ♦ -->| 




1 1 




§--- - -->| 




labet------->l 



SEHANTICS: 



This Instruction transfers control to the location specified by label. 

Label must be associated with a run time address that has a 
di spiaceaent from the GO TO instruction of less than 4096 
Microinstructions. 



EXAMPLE: 



GO TO SORT. ROUTINE 
GO TO -LOOP.l 
GO TO ♦LOOP. 2 
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HALT 



SYNTAX* 




HALT 



>i 



SEMANTICS: 



This instruction brings the processor to an orderly halt* The settings 
of the Console switches determine the register displayed* 

Pressing the START pushbutton on the system Console wilt cause the 
processor to again begin executing uicroinstruct ions. If the STEP/RUN 
switch is in the STEP position* only one microinstruction is executed. 
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IF 

SYNTAX? 



IF 



FORMAT i: CONDITIONAL PROGRAM CONTROL 



IF — -register Cliteral)' 
I 
I 
I 
I 
I 



THEN' 



l--condit ion" 



I 

J 

I 

>i 



I f f 

1 !— TRUE >l 

I I 

I— FALSE— >1 



I 

I I I 

I --BEG IN- — statement — -END- 



stateient 



->l 



I I 

I |<« —j | 

I 111 

I — ELSE BEGIN— -statement — -END— >l 



FORMAT 2* CONDITIONAL COMPILATION CONTROL 



IF— wodule. opt ion ------- 

I I 
l-TRUE — >I 
I I 
l-FALSE->l 



l<— — — — I 
1 I 

•THEN INCLUDE BEGIN — stateaent---END 



«----->! 



I I 

— -ELSE BEGIN— -statement — END- 
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IF 
cont 




SEMANTICS 



FORMAT IS CONDITIONAL PROGRAM CONTROL 



This instruction tests a bitCs) for TRUE Cone) or FALSE (zero). If the 
test condition is met* either the specified single statesent or the 
specified BEGIN/END stateraentCs) is executed. If the test condition is 
not met* a branch around the first BEGIN/END pair is taken* and the 
ELSE BEGIN/END statement < s) is executed. CSee also: COMPLEMENT* SET 
and RESET.) 

Logical operators are valid on the registers immediately following the 
IF* with the following restrictions: 



1) 
2) 
3) 



All registers logically related must be within the sane 4-bit 
group: IF TCO) and TC3) is valid* IF TC2) and TC4) is not. 

Only two register elements may be logically related: IF T(2) 
or TCO) is valid* IF TC2) and TCI) and TCO) is not- 

NOT logic may be applied anywheres- IF NOT C LC3) or NOT LCO) 
) is val id* 



The register may be any 4-bit source and sink (destination) register 
below: 

CA C8 CC CD ICC and CD represent processor interrupts and flags) 

FT FU 

FLC FLO FLE FLF 

LA L0 LC LD LE LF 

TA TB TC TO TE TF 

TOPM lavaiable on B1720 only) 

The register may also be the FL* FB* L* or T register: all bits must 
then be in the same 4-bit subfield. 

The literal points to the bit position which is to be tested. It has a 
decimal range from to 3 for a 4-bit register* from to 15 for the 
FL register; and from to 23 for the FB* L and T register. 

The condition may be any of the following conditions available from 
the condition registers: 



!«■» y ««•■•«»«»«• 



I 



8 - S7 



= .. — >« 

i--- EQL >l 1 > • 

I—- NEQ — ->l I-— Y - — >l I 

1 f 

I--- GRT -«>l * 

§-.-• > -••>! i 

I--- LSS — >l * 

f GEO >* ' 

I--- LEQ — ->1 * 

I 

«■•.«•<■«.«*•«•«■*■ «■• o ••• ■»••»■• •••»••> | 

I--- EQL — >1 * i • 

I--- NEQ — >J I--- X — >l * 

f 

tana < «,«■«■,»«■«■»■■«•••»■• X «»■■■■ «•■"•■* "• «-"»*•«»•"> I 

I-.- GRT — >l • 

|... > «-->! I 

I--- LSS — >f > 

I--- GEO — ->1 • 

I — - LEQ >! ! 

— A«Y. INTERRUPT — * >f 

. -...«---- — >i 

j.-- M £o >| 1-- SFL ■-->! * 

1 ! 

!•.. < * SFL >« 

I--- GRT — ->! * 

§.»• > — ->i • 

4 LSS « ->1 5 

i--- GEQ — ->1 * 

t«-r LEQ -•->! * 

...—..————•- — -•-•—•-----—— ->1 Borrow Out Level 

...... ....—.-• — ———- — >| Carry Flip-Ftop 

CYL ------- — — ——— — — — — - — -— -->! Carry Cut Level 

„..•.«.«-.-«.-— -->! Least Significant 

t Bit of X 

.—•«——- ••..—>! Least Significant 

I Bit of Y 
.••.........»-«->] Least Significant 

I Unit of X 
..««.«.»«•. «---«.-->! Least Significant 

I Unit of Y 
• ••• — .- — - — — ->! Most Significant 

I Bit of X 
>i 

«B«»«»««»l»>«»W«B"""««»'«"" B " l " , ">f 



«•<■«■ JT^ ■»■»•••• 



CYO 
CYF 



— LSBX 
— — LSBY 
— - LSUX 
-— LSUY 
MSBX 



LOCKOUT — - — «.-« 

HI. PRIORITY -——-«•— 

INTERRUPT '-" , — > J 

NO DEVICE *»«""'"' «•"""»» ■» «""• mm •■»■• • "» ■*" "• • * **• "*• «•«►•» > j 
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IF 
cont 



SEMANTICS cont: 

m as •• m «a m an «• mt wwaB«*a» 

Any combination of conditions that is contained in one condition 
register can be tested using AND/OR logic if all bits can be tested 
for TRUE Con) or FALSE (off)* For example* the following are valid 
conditions: 

CYL AND LSUY 
CYL OR CYO 

Example: IF CYL AND LSUY TRUE THEN GO TO END 
IF CYL OR CYO FALSE THEN GO TO BEGIN 

If TRUE or FALSE is not specified* TRUE is assumed. 
Examples IF TDC2) THEN GO TO LA8L7 

Register TD Branch To LABL7 



0101 
1101 
0111 
0011 



NO {bit position two is OFF) 
NO (bit position two is OFF) 
YES (bit position two is ON) 
YES (bit position two is ON) 



Note: TD<2) could have been referred to as TC14) 



EXAMPLE: 



The following examples illustrate Foroat 1: Conditional Program 
Control: 



IF X = Y THEN GO TO *A 

IF TBU) OR T8C3) THEN EXIT 

IF LF(2) THEN 

MOVE X TO Y 
IF FU<1) FALSE THEN 

COMPLEMENT TC10) 
ELSE 

RESET FL<5) 
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IF 
cant 



IF 
cont 



EXAMPLE cont: 

IF FLFC3) FALSE THEN 

BEGIN 

RESET FBC I) AND F8<3) 

CLEAR SUA 

END 

IF LA<0> THEN 
BEGIN 

MOVE TAS TO T 
ENO ELSE 

MOVE FA TO T 

IF TDC3) THEN 

MOVE L TO X 
ELSE 

BEGIN 

MOVE T TO X 
MOVE SUM TO X 
ENO 

IF LA « 14 THEN 
BEGIN 

MOVE 512 TO X 
END 



FORMAT 25 CONDITIONAL COMPILATION CONTROL 



This instruction should be used for conditional Inclusion of code, 
depending upon the setting of a ««r-deftn«d, ^J** 00 *' " ^^Jl 
This aodule. option toggle Is declared and SET or RESET via a aodule 
option $ card. tSee Appendix As MIL Compiler Operation.) 

More than one module. option toggle can be tested with the saae IF 

statement by using AND/OR logic. If NOT is used in front of any 

module. option toggle, that modute.opt i on toggle 1* c ** c *?f *° r the 
RESET state. If both TRUE and FALSE are omitted* TRUE is assumed. 

Notes A conditional inclusion-block aay not be used to include or 
exclude a BEGIN statement when the associated END stateaent is not 
part of the block. 
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IF 
cont 



EXAMPLE: 




The following are exarapf.es of conditional inclusion of code: 

$ SET DEBUG, RESET TRACE 
$ SET TRACE* RESET 81700 

After processing these S cards, the module options will be set TRUE or 
FALSE as follows: 

DEBUG * TRUE 
TRACE - TRUE 
61700 = FALSE 

IF DE3UG THEN INCLUDE 

CALL DEBUG. ROUTINE 
IF TRACE THEN INCLUDE 
BEGIN 

CALL SAVE. REGISTERS 
CALL TRACE. ROUTINE 
END 
IF DEBUG AND NOT B1700 INCLUDE 
BEGIN 

MOVE T TO X 
END ELSE 
BEGIN 

MOVE L TO X 
MOVE T TO SOA 
END 
IF NOT TRACE OR 81700 INCLUDE 
BEGIN 

MOVE L TO X 
MOVE T TO S1A 
END ELSE 
BEGIN 

CALL TRACE. ROUTINE 
MOVE T TO X 
END 

Any of the preceding examples may be nested within any of the above 
BEGIN/END pairs up to a maximum of 15 levels. That is* at any given 
time during a compilation there may bo at most 15 BEGINS that have not 
been paired with their respective ENDs. 



INC 
SYNTAX: 



8 



41 




INC---source.sink.regi st er- -BY— ----sour ce.regi s $ er — ------ ——— 

!«•— If teral — -— — ->1 l---TEST-->l 



■>l 



SEMANTICS: 



This instruction increments the contents of a 4-bit source and sink 
(destination) register by the value of the literal or the contents of 
a 4-bit source register. The result is placed in the source and sink 
register? the contents at the source register remain unchanged* (See 
also: DEC) 

The register may be any of the following: 



sou r ce. sink.r eg ister 

CA C8 *CC *CD 

FT FU 

FLC FLO FLE FLF 

LA LB LC LD LE LF 

TA TB TC TD TE TF 

TOPM (avaiable on 81720 onty> 



source. register 

source. sink. register 

BICN 

FLCN 

INCN (available on B1720 only) 

XYCN 

XYST 



* CC and CD represent processor interrupts and flags 

The literal has a decimal range from to 15. 

If the TEST option is used and source. si nk.regi ster overflows (is 

incremented beyond 15* the largest value it can contain)* the next 

microinstruction is skipped. If overflow does not occur op if the TEST 
option is not used* the next microinstruction is executed. 

NOTE: All 4-bit registers count modulo 16? e.g.* if a register 
contains a value of 15 and is incremented by 2* it 
overflows to a value of 1* 



EXAMPLE: 



INC LB BY 7 

INC FLD BY 8ICN TEST 



JUMP 



SYNTAX: 
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JUMP "• ••-•••• FORWARO - """" , "*" , '"-""'" , -*» «•*»■»--•..««,«, .••.•,..>! 
I II 1 | 

I— -BACKWARD-->1 I — «*li ter al-->0 I 

i I 

f — TO -t abe |—... >..>! 

I * 

f 1 

I—- - •->! 



SEMANTICS: 



This instruction transfers control to the designated location* 

The address of label is limited to a maxioum relative displaceaent of 
plus or ainus 4095 microinstructions. 

The literal has a decimal range fros to 4095. 

If literal is not specified* FORWARD/BACKWARD causes the compiler to 
generate a JUMP instruction with a displaceaent of zero and a 
direction sign of plus or annus. This is to facilitate ORing the 
actual displacement into the the M register prior to the execution of 
a JUMP instruction. 



EXAMPLE: 



JUMP TO +L00P.I 

JUMP TO END. OF. CODE. LABEL 

JUMP FORWARD 12 

JUMP BACKWARD 
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LIT 



LIT 



SYNTAX* 

— — mill *m — — 



sink.regi ster 



-MOVE — literal TO-- — 

I I 1 

I — LIT— ■>! I— "scratchpad, word- 



•>l 



f 



SEMANTICS: 



This instruction moves a literal to any sink ^destination ) register 
Cexcept the M register) or to any 24-bit scratchpad word, <See also: 
MOVE.) 

The literal may be any decimal integer from to 16777215* a 
hexadecimal number from 303 to 3FFFFF3* a binary number from 3CD03 to 
3Cl)llillliUllllllllllllllia, or a character string up to three 
characters in length. Leading zeros are not required unless the actual 
value of the literal is zero. The value of the literal should not 
exceed the maximum value that the sink register can contain; If less* 
the zero fill occurs. 

Literal moves to a 24-bit scratchpad word generate MOVE literal TO TAS 
followed by MOVE TAS TO scratchpad. word. 



It is recommended 
instead of LIT. 



PROGRAMMING NOTE 
that the MOVE instruction be used 



EXAMPLE: 

MOVE 12 TO L 

I LA I LB I LC I LD 1 LE I LF t 
-. — I ---|. «..-•„ |. 1......| 1 ,.. f — . — -...—..... 

I L I 0011 I 0000 i 1001 I 1010 i 0001 I 0011 I before C309A13) 1 
I -*.g. •*...,. j ..|-.« 1 ------ j ---.--i -..-.. j............. .....J 

I i -• j — I -- i — | -- | — | LtJ (C) , 

I 1 -| 1 „ f mmm ^ ..„!.„«. | .. f 

i L f 0000 i 0000 I OOOO I 0000 I OOOO i 1100 I after tODOOOC) I 
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LOAD 
SYNTAX: 




LOAD F FROM-- — -double. scratchpad* word — — >l 



SEMANTICS: 



This instruction moves any 48-bit double scratchpad word (SO. ••SIS) to 
the Field <F) register- 

NOTE: The compiler will generate two MOVE instructions for B1710 
systems* 



EXAMPLE: 



LOAD F FROM Sll 



LOAD. MSMA 
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LOAD. MSMA 



(available on 81720 systems only) 



SYNTAX: 



LOAD. MSMA' 



- START -..— 

I 1 

I---STOP — -->! 



i «• ta J» 1 



SEMANTICS: 



This pseudo-operation causes the compiler to either start or stop 
prefacing alt emitted microcode with the first 16 bits of a MOVE 24 
SIT LITERAL TO MSMA instruction. 

The above action is required when a microprogram is to be loaded into 
control memory front a cassette tape while the system is in the TAPE 
mode* The action of the hardware while in this mode is as follows: 



•READLOOP 
READ 
MOVE 
IF M 



FROM THE CASSETTE TO THE U-REGISTER 



16 BITS 

U TO M 

= FIRST HALF OF 24-BIT LITERAL HOVE* THEN READ 16 BITS 

FROM THE CASSETTE TO U 
EXECUTE THE MICRO-OPERATOR IN M 

IIF M=39D003=MGVE 24-BIT LITERAL TO THE CONTROL MEMORY 

HQRD ADDRESSED 3Y THE A-REGISTER* THEN U# WHICH NOW 

CONTAINS THE ACTUAL MICROINSTRUCTION* IS MOVED TO 

CONTROL MEMORY ADDRESSED BY THE A-REGISTER AND 

INCREMENTED 8Y 1) 
IF H = CASSETTE STOP THEN 

STOP CASSETTE AND HALT PROCESSOR 
ELSE 

JUMP TO -READLOOP 



A IS 



No statement between LOAD. MSMA START and its corresponding LOAD. MSMA 
STOP may reference any label which has not been declared prior to the 
LOAD. MSMA STOP. 



LOAD.MSMA 
cent 



EXAMPLES 
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LOAD.MSMA 
cont 



The following source code could be used to enable a microprogram to be 
loaded from a cassette into control memory* beginning at control 
neaory address zeros 



MOVE TO A 
SEGMENT ANYNAME 
LOAD.MSMA START 



AT 



(Microprogram) 



LOAD.MSMA STOP 
MOVE TO A 
CASSETTE STOP 



LOAD.SMEM 



SYNTAX: 



8 - <tf 



LOAD.SMEM 



LOAD.SMEM" 



START" 



>1 



I .„.5TQp -«•->! 



SEMANTICS: 



his pseudo-instruction causes the compiler to either start or stop 
Spending each microinstruction with the following instructions- 



T 

app 



MOVE 24 BIT LITERAL TO X 
WRITE C25> SITS FROM X 
WRITE 16 8ITS FROM X INC FA 



These instructions are required when a microprogram is to be 
Into main memory fro. a cassette tape while the system is in th 



loaded 
e TAPE 



mode 



EXAMPLE: 



MOVE 4096 TO FA 
LOAD.SMEM START 



X START ADDRESS 



{microprogram) 



LOAD.SMEM STOP 
CASSETTE STOP 



NOTE: The FA must start at a mod 32 value 
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MACRO 
SYNTAX: 



MACRO 



f<< 



MACRO macro.ident if ier 



I I 

I --If pi )--*»•»•»- «.--«.... «»>| 
1 1 

l--<fp2*fp3*.*.fp7)-->i 



- «,— statenent--- # -->! 



SEMANTICS: 



This declaration assigns a narae (raacro. ident i f i er ) to a series of 
statements and declares any formal parameters <fp) which aay be used 
in the macro definition. Any subsequent reference to raacr o*ident if i er 
is replaced by the actual parameters in the reference. 

The actual parameters used in the reference to a macro Bust be single 
identifiers and must not not contain embedded blanks or special 
characters* The one exception is that an actual parameter could be a 
DEFINE identifier and therefore could contain an embedded dash* 
However* the DEFINE identifier itself would then have to define a 
valid* actual parameter* For example* X* 3* H801F* and TO are valid* 
actual parameters* but 3 TO X and t are not* Actual parameters may not 
be omitted; as with formal parameters* they must be enclosed in 
parentheses and separated by commas* 



The macro declaration must be contained 
terminated with an equal sign < = ). 

The macro defintion must then follow with 
last statement must be terminated by a 
reason* a MACRO must not itself contain a 
reference another MACRO or a DEFINE which 
but must not be recursive* 



on one line and must be 



one statement per line. The 

pound sign (#>* for this 

pound sign* A MACRO may 

has been previously declared 



All MACROS must be declared prior to any executable instructions* 
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MACRO 
cont 



MACRO 
cont 



example: 



The declaration 

HACRO WRITEMCWRITEM1* WRITEH2* WRITEM3)= 
XCH WRITEM1 F WRITEM1 

WRITE 24 BITS FROM HRITEH2 WRITEM3 FA AND DEC FL 
XCH WRITEM1 F WRITEMl# 

when referenced as 

HRITEMCSO* X» INC) 
results in the reference being replaced by the following in-line code: 

XCH SO F SO 

WRITE 24 BITS FROM X INC FA AND DEC FL 

XCH SO F SO 



HAKE. SEGMENT. TABLE. ENTRY 



SYNTAX: 




MAKE. SEGMENT. TABLE. ENTRY 



I t 

I— -VALUE literal-* ->! 



>1 



SEMANTICS: 



This instruction causes an entry to be written to a segraent table 
which connects labeled segments with their sequence number. This 
facilitates the creation of the segment table required for normal 
state segmented execution. CSee: Segmentation.) 
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MICRO 
SYNTAX: 



MICRO 



MICRO' 



li terai 



>l 



SEMANTICS: 



This instruction places a 16-bit constant in line. The programmer is 
responsible for providing any protection that say be needed to prevent 
a MICRO from executing: Therefore this instruction should be used 
rarely* 

The literal has a decimal range from to 65535. 



EXAMPLE: 



hicro aoooia 

MICRO 38 3AA3 
MICRO w 22 w 
MICRO W HI W 



X 


THIS 


PLACES A HALT 


X 


THIS 


IS EQUIVALENT 


X 


THIS 


IS EQUIVALENT 


X 


~HI W 


= 3C8C93 



MICROINSTRUCTION IN 
TO -MOVE 2AA3 TO .L" 
TO 3F2F23 



LINE 



M. MEMORY. BOUNDARY 
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M. MEMORY. BGUNQARY 



(available on 81720 systems only) 



SYNTAX: 



M-MEMORY. BOUNDARY- — ---MINIMUM- — — — *->§ 

I t 

i— MAXIMUH — >I 



SEMANTICS: 



This instruction sets the M. MEMORY boundary within 
(Interpreter Parameter Block) of a MIL program. 



the 



IPB 



MINIMUM specifies that the program will be loaded into M-lemory at the 
current code address. 



MAXIMUM specifies that the M-Meraory loading will stop at the current 
code address* 



8-53 



MONITOR 
SYNTAX: 




MONITOR -"-"-I Iter at 



>l 



SEMANTICS: 



This instruction emits the monitor micro-operator with the literal 
occurrence identifier. (See also Appendix 8s MONITOR.) 

The literal has a decimal range from to 255. 



EXAMPLE: 



MONITOR 5 
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MOVE 
SYNTAX* 




MOVE— s our ce.r eg — -- — ——»—---■»--—-- --- 

1 

- sc r at chpa d. word--- -------- ~--~—~-—->i 

i 

-ADDRESS Clabel.ref )-------«-*»- --<»---«>i 

I 1 

* I 

I- ♦ — arith«exp->i 
i I I 

I — ->i f 

I 

--arith.exp------ — -—*--— •---—---«?--- >| 

I 

--SEGMENT* COUNT ■ —- • ->| 

1 

— HEX. SEQUENCE. NUMBER — — ->t 

I 

--CODE. SEGMENT. NUMBER--—— — — - ->| 



TO--- -source. sf nk.reg— ->i 
1 I 

I -scratchpad. word- >1 



SEMANTICS* 



This Instruction copies the specified information into a source and 
sink (destination) register or scratchpad word. 

ADDRESS <label. ref) is a literal value equal to the code address of 
the label reference. 

SEGMENT. COUNT is a literal value equal to the number of tines a 
segment statement has occurred. 

HEX. SEQUENCE. NUMBER is a literal value equal to the last six digits of 
the source statement sequence number. 

CODE. SEGMENT. NUMBER is a literal value equal to the current code 
segment number. 
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MOVE 
cont 



HOVE 
cont 



SEMANTICS cants 

The following are restrictions on an S-Memory Processor. 

1. If ADDRESS or arith.exp has a value greater than 255* and 
source.sink.reg is CP * the move will not take place. 

2. If source. reg is U* source.sink.reg may not be TAS* M* or A. 

3. If source. reg is A* CP* M* or DATA* source.sink.reg may not 
be a 4-bit register. 

km If source. reg is SUM or DIFF* source. ss nk.reg may not be CMND 
or DATA. 

The following are restrictions on both an S-Meraory and M-Hemory 
Processor* 

1. When source. reg is DATA* source. si nk.reg may not be DATA or 
CMND. 

2. When source. sink. reg is H* the operation is changed to a 
BIT-OR which modifies the next micro-operation? it does not 
modify the instructions stored in memory. In tape mode no 
BIT-OR takes place. A literal value generated from ADDRESS* 
arith.exp* or SEGMENT. COUNT may not be moved to the M 
register. 



EXAMPLES 



MOVE X TO Y 

MOVE 48 TO S1A 

MOVE ADDRESS C* GLOP) TO T 

MOVE 10 TO TA 

MOVE S12A TO S10B 

MOVE ADDRESS iBLAH) ♦ 16 * 8 

MOVE SEGMENT. COUNT TO T 

MOVE <8t*C3*10)~l>/2 TO Y 



- 1 TO FA 
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NOP 
SYNTAX: 




NOP' 



'>! 



SENANTICS 



This NO OPERATION instruction does nothing except use one clock cycle 
and take up one word of control or main memory. 



NORMALIZE 
SYNTAX: 
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NORMALIZE 



NORMALIZE' 



>i 



SEMANTICS: 



This instruction shifts the contents of the X register left while 
counting the FL register down until either the sos t-si gnif icant bit of 
X (determined by CPL ) equals 1 or FL equals 0* If the most-significant 
bit of X is already I* or if FL is already 0* then no shift takes 
place* 
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OR 



SYNTAX! 




OR— -source.sink.regi ster ---WITH------ 

I 
i — 



-source.regi ster—" 

t 
-literal---------->l 



--->! 



SEMANTICS? 



This instruction i s used to logically OR the contents of a 4-bit 
source and sink C destination) register with the value of the literal 
or the contents of a 4-bit source register. The result is placed in 
source. sink.register? the contents of source.regis ter remain 
unchanged* CSee also: AND and EOR. ) 

The register may be any of the following: 



source.sink.register 

CA CB *CC *CD 

FT FU 

FLC FLO FLE FLF 

LA LB LC LD LE LF 

TA TB TC TD TE TF 

TOPM (avaiabte on 81T20 only) 



source. register 

source. sink. regi ster 

BICN 

FLCN 

INCN (available on B1720 only) 

PERR Cavailabte on B1720 only) 

XYCN 

XYST 



* CC and CD represent processor interrupts and flags 



The literal has a decimal range from to 15. 



OR 
cont 



SEMANTICS cont 
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TABLE 5-3 



OR Truth Table 



t Source & Sin*; I 
I Register 1 



Literal 
Source Register 



1 Source & SinK 
I Regi ster 



— -— — -i 
Yields i 
— -I 

Yields 1 



OR 



I OR 



i 

Yields i 
1 

Yields I 



OR 



1 OR 



EXAMPLES 



OR T8 WITH 3 



I TA 1 T8 I TC i TO 1 TE I TF I 
— « — ,j — ^ », 1 , a ,1 . — « 

i T I 0000 1 0101 1 till 1 0011 I 0001 t 0010 i before C05F312) I 



I 



i 



l 



l 



3 



I— — 

I literal 



I 



I I -- I 0011.1 -- I — I — 1 — I literal I 
|. — l 1.„- | — j ^ a „ 3- -.-•-..«.....! 

1 T I 0000 I 0111 1 1111 i 0011 • 0001 I 0010 1 after C0TF312) I 
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OVERLAY 




(Available on 81720 systems only) 



SYNTAX: 



OVERLAY 



>«•>! 



SEMANTICS: 



This instruction overlays control netnory fros ntain memory* Before an 
overlay is initiated the L register sust contain the first control 
memory overlay address* the FA register must contain the beginning 
siain memory address* and the FL register must contain the length in 
bits to be overtayed. Overlay will continue until the FL register 
equals or the A register is out of bounds. If the A register goes 
out of bounds* FA contains the address of the next »icroinstruct ion in 
sain meaiory; FL contains the length in bits of unfetched data. 

The action of the hardware executing this instruction is as follows: 

MOVE A TO TAS 

MOVE L TO A 

READ 16 8ITS TO L 

MOVE L TO CONTROL 

INC A 

TEST FL=0 OR A OUT OF BOUNDS 

NO LOOP TO READ EVENT 

YES END INSTRUCTION 



INC FA 
MEMORY 



AND DEC FL 
ADDRESSED BY 



PAGE 
SYNTAX: 
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PAGE- 



S'! 



SEMANTICS: 



This instruction causes the source listing to skip to the top of a new 
page at compile time. Code is not generated* 



POINT 



SYNTAX: 
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POINT FA TO— ----arithmetic. expression* 



•>! 



SEMANTICS: 

This pseudo-operation causes the compiler to generate an instruction 
that adjusts the value of FA to the value of the arithmetic 
expression* 

Prior to the execution of this instruction* the compiler oust have 
been given some knowledge of the contents of FA. This can be done via: 

MOVE arithmet ic.expression TO FA 

or 

FA. POINTS TO ari thmetic.expression 

FA wilt be adjusted by up to 144 bits as a "result of this command. <A 
warning message will result if the adjustment is greater than 72 
bits!. CSee also: READ and WSUTE.) 



EXAMPLE: 



OECLARE 

01 STRUCTURE* 

02 DATA. A 8IT(105# 

02 DATA.B CHARACT£R<20>* 

02 DATA.C FIXED; 

FA. POINTS TO OATA.A 

READ DATA. LENGTH CDATA.A) 8ITS TO X POINT FA TO DATA.B 

POINT FA TO STRUCTURE 

MOVE DATA.C TO FA 

WRITE DATA. LENGTH CDATA.C)) BITS FROM Y POINT FA TO DATA.B 



PROGRAM. LEVEL 



SYNTAX: 
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PROGRAM. LEVEL 



PROGRAM. LEVEL 



1<- 

i 



CAT — f 

----"character, string**-- - — -«-- — -> t 
I 1 

I — -TOO AYS. DATE- — — — ->l 
I t 

I TODAYS. TIME ->i 



SEMANTICS: 



This instruction places forty characters of information into the 
PROGRAM. LEVEL location of the IP8 CInterpreter Parameter Block). 

If the TITLE statement is unused* the title headings of the prograa 
listing will reflect the PROGRAM. LEVEL information. 



EXAMPLE 



PROGRAM. LEVEL "THIS IS A SUBHEADING** CAT TODAYS.TIME 



8 - 6* 



READ 



READ 



SYNTAX: 



READ— -M5ML TO X 

i 



I 



TO< 



f 

-I i teral — BIT — >1 
I I 

I— BITS — >1 



i i 

l-REVERSE-M 



I 1 

1 — Y— >1 
I I 
J — T— >l 
I 1 
|~-L— >! 



»>| 



t 
I 

t INC' 



FA 



--DEC 



I 

— FA AND DEC FL — >l 

t 

— FL AND DEC FA — >1 

«. FA .« • 



i 

1 

—FA ANO FL — >l 

9 

"FL AND FA >l 

t 
—FA AND INC FL — >l 

f 
--FL AND INC FA— >! 

1 
— FA AND DEC FL— >J 

f 
— FL AND DEC FA— >l 

1— POINT FA TO airthmot ic. expression-" 
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REAO 
cont 




SEMANTICS: 

An N-Meisory REAO CHSML TO X) instruction reads to the X register the 
16 bits in M-Memory pointed to by the contents of the L register. The 
contents of L must be modulo 16. This facility is not available on 
S-Memory Processors. 



An S-Memory READ instruction reads from to 2k bits of 
from S-Memory into one of the allowable sink (destination) 
X* Y* T* or L. 



inf ormat i on 
regi s ter s: 



If the literal is zero or is not specified* the field length is given 
by the contents of CPL. The read data will be right justified in the 
selected sink register. If the field length is zero then X* Y# T* or L 
will be set to zero. 

Normally* on an S-Meraory read* the contents of the FA register point 
to the first bit of the field to be read. If the REVERSE option is 
used* the contents of the FA register point to the last bit ♦ i of the 
field to be read. The sink register receives the contents of this 
field as if it had been read in a forward direction. 



INC/DEC adjusts FA/FL by the field length after the operation 
the same microinstruction. 



but in 



POINT FA adjusts FA by up to 144 ♦ field length bits after the 
operation. (A warinig message will be issued if the adjustment is 
greater than 72 * field length bits). The POINT FA option can be used 
only if literal BITCS) is specified and is greater than 0. <See also: 
FA. POINTS and POINT.) 



EXAMPLE: 



READ MSML TO X 

REAO 24 SITS TO X 

READ TO Y INC FA 

READ 2 BITS REVERSE TO T DEC FA AND FL 

READ REVERSE TO L INC FL 

READ 10 BITS TO T POINT FA TO 100 
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REDUNDANT*CODE 



SYNTAX: 




REDUNDANT. CODE- START 

4 1 

I---ST0P-->1 



SEHANTICS 



This instruction causes the compiler to 'duplicate each 
usad to facilitate loading programs to aeraory. 



icro. It is 



RESERVE. SPACE 



SYNTAX: 
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RESERVE. SPACE 



RE SERVE. SPACE FOR- — — ari th met ic. expression--- — BITS' 



>l 



SEMANTICS: 

This instruction causes the compiler to emit a sufficient number of 
N0P f s (i.e.* 300003) to allow for the number of bits specified by 
ari thraetic .express ion. 

The actual amount of space reserved will always toe MOO 16# therefore 
up to 15 bits more than that specified by the ar i thnjctic.expressi on 
aay be reserved. 



EXAMPLES 



DECLARE 10. DESCRIPTOR 8ITU88); 



0ESC.L0CN 

RESERVE. SPACE FOR DATA.LENGTHCIO. DESCRIPTOR ) BITS 
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RESET 
SYNTAX: 



RESET 



RE SET- -------register <l i t era I )----- — ----—-- — --•---------—------ ->i 

« 8 I I 

|-N0T->1 I 3<--»— -- — «.»--,---,„---------.--} | 

If II 

I-- — AND- ------ -register ^iiteral)-->i 

f I 

lrNOT->« 



SEMANTICS: 



This instruction RESETs Csets to zero) the bit specified by the 
literal into the register. By using the options* more than one bit in 
any one register can be reset with the sa@e instruction if ALL BITS 
are in the SAME 4-8IT REGISTER. CSee also: COMPLEMENT and SET.) 

The register may be any 4-bit source and sink < destination) register 
below: 

CA CB CC CD CCC and CD represent processor interrupts and flags) 

FT EU 

FLC FLD FLE FLF 

LA LB LC LD LE LF 

TA TB TC TO TE TF 

TOPM Cavaiable on B1720 only) 

It way also be the FL# FB* Lr or T register: all bits must then be in 
the same 4-bit subfield. 

The literal has a decimal range from to 3 for a 4-bit register; from 
to 15 for the FL register; and fro® to 23 for the F8p L* and T 
registers. 



RESET 
cont 



EXAHPLE 
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TA 



RESET T€0> AND TAC3) 
TB TC TD TE 



TF 



T I till I 1010 1 1100 i 1110 I 1001 1 1001 1 before CFACE99) I 
I •...-. I •...••! ••.-••]< ..•J-.-..J- j I 

T I 0110 I 1010 I 1100 I 1110 1 1001 S 1001 1 after (6ACE99) I 
I I f I I if I i % 

mm 1 *<•! mm mm ••»••»■»■»«. mmtmmmmmmmmmmm ■••■•■•■■■■••■■••■■•••■■■■■■•a 

113 4 7 8 il 15 16 17 18 23 

it 

T10X--I I— >TA(3) 



ROTATE 
SYNTAX: 
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ROTATE -T— -LEFT BY literal BITS— 

11 i 

§ I —— —CPL — •*"•"**•** ■ , "»* , —> 1 

I I 

I — RIGHT 8Y literal 8ITS-~->l 



>f 



f 

1-*T0 regfster--> 



I I 



I 

XY — >l 



-LEFT — — --BY — — ilteral BITS- 
9 
4-— RIGHT-->* 



SEMANTICS: 



See SHIFT/ROTATE T and SHIFT/ROTATE X/Y/XY- 
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SEGMENT 
SYNTAX: 



SEGMENT 



SEGMENT----- NEWSEGMENT — — ■ 
l--iabel- — -«->f 



>l 



I 

I--AT- -ADDRESS (label) 

I I 

1— I it era !-----—---> I 



1 
->I 



Note: The literal must be MOD 16» 



SEHANTICS: 



See: Segmentation 



O - / £ 



SET 

SYNTAX* 



SET 



SET- — — ——-register TO li teral — — — — — —— — ••——•-••—•—— >| 

i 14 j 

l-NOT->J l-regi ster Cliterai )---—«-——^——— — — -•—— — >! 

* I 

| |<»»e«.. M * amw ....«...... — . «--.-J | 

II II 

*— AND — —register (literal) — >l 
1 1 

I-NOT->l 



SEMANTICS: 



This Instruction SETs the register to the value of the literal or SETs 
(bit=one) the bit specified by the literal into the register. By using 
the options more than one bit in any one register can be set with the 
same instruction if ALL BITS are in the SAME 4-BIT RESISTED CSee 
also: COMPLEMENT and RESET.) 

SET register TO literal: The register may by any 4-bit source and sink 
(destination) register listed below. 

CA CB CC CD (CC and CO represent processor interrupts and flags) 

FT FU 

FLC FLD FLE FLF 

LA LB LC LO LE LF 

TA TB TC TO TE TF 

TOPH (available on B1720 systems only) 

It nay also be the CPU register. If CPU is used* the literal has a 
decimal range froa to li otherwise the literal has a range fro» to 
15. 

SET register (literal): The register may be any 4-bit source and sink 
register listed above. It may also be the FL* FB» L» or T register: 
all bits must then be in the same 4-bit subfieid* The literal has a 
decimal range from to 3 for a 4-bit register* from to 15 for the 
FL register? and from to 23 for the FB# L# and T registers. 
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SET 
cont 



EXAMPLE: 

SET TA TO 3 

TA TB TC TO TE TF 

T 1 1111 I 0100 I 0101 I 0110 I 0111 i 1000 f before CF45678) I 
j- j j I 4..«...|... i ...—.; 

T 1 0011 ! 0100 ! 0101 I 0110 J 0111 I 1000 J after C345678) I 




SET TCC2) AND TCtl) 

TA TB TC TO TE TF 

T I 0001 I 0010 1 0000 1 0100 I 0101 I 0110 I before C120456) I 
{.•••.-•I j — 1 ««-| t -| | 

T I 1001 I 0010 1 0011 I 0100 i 0101 I 0110 1 after (923456) I 

— — —-.-. — n .....»«,••„«.....«....... 

II 
TCC2) <— it— > TCli) 
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SHIFT/ROTATE T 
SYNTAX: 




- — SHIFT T — — -LEFT BY- — I i teral SITS — .......... 

* I II I 

I •— CPL — ----- — >j i--TO register-->* 

I 

I— RIGHT BY literal BITS — -> 

I I 

I-..TQ— x— >| 

I 

— Y-->l 
I 

— -T — >1 
t 

— L — >l 

— -ROTATE T— -LEFT BY --literal BITS—- — - — — -- > 

i * II I 

I |... C pl« ...... ....>! r— TO register— >l 

i t 

I — RIGHT 8Y literal BITS >i 



>l 



SEMANTICS: 



This instruction SHIFTs or ROTATES the contents of the T register and 
places the result either in T or in sose other source and sink 
(destination) register* If the result is not placed in the T register* 
T remains unchanged. SHIFT will zero fill; ROTATE will put the 
»ost-signif icant bit in the least-significant tit position and shift 
the remaining bits. 

The literal has a decimal range from to 24. 

SHIFT/ROTATE T LEFT: If or CPL is used* a shift or rotation by the 
value of the CPL register will occur* If CPL is greater than 24. 24 is 
used. 

TO registers places the shifted or rotated results in the specified 
source and sink register* the T register remains unchanged* If the TO 
register option is not used, the result is placed in the T register. 
The register (nay any source and sink register except DATA or H8R 
Irefer to: Registers And Scratchpad}* If the register is 1. the result 
of the SHIFT/ROTATE operation is BIT-ORed into the H register and 
modifies the next microinstruction. 
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SHIFT/ROTATE T 
cont 




SEMANTICS cents 



ROTATE T RIGHT: Because the hardware can only rotate the T register to 
the left* the compiler converts this instruction to the proper left 
rotate to accomplish the same result as the rotate right. 

SHIFT T RIGHT* Because the hardware can onty shift the T register 
left* the compiler will generate an EXTRACT to accomplish the same 
result* Therefore* the T register may be shifted right only to the X* 
Y* T or L register/ If the TO.** option is not used* the result is 
placed in the T register* otherwise* the T register remains unchanged* 

PROGRAMMING NOTE 

It is recommended that the EXTRACT instruction itself be 
used* rather than SHIFT T RIGHT* 



EXAMPLE: 



TA 



TB 



ROTATE T LEFT BY 4 BITS 
TC TO TE TF 



T 10110 I 0011 I 1000 1 0101 ! llll i 0000 J before <6385F0) I 
I..*,...].*, 1 — — — | i |— — J—- ! | 

T I 0011 i 1000 1 0101 I 1111 I 0000 I OHO I after C385F06) I 



TA 



T8 



SHIFT T LEFT BY A BITS 
TC TO TE TF 



T I 0110 f 0011 i 1000 I 0101 1 1111 I 0000 I before C6385F0) i 
1 .......... I- ...... 1 ......3 ...... j ...... j ...... j-.... ............. j 

T I 0011 S 1000 I 0101 I llll I 0000 S 0000 I after (385F00) I 



SHIFT/ROTATE X/Y/XY 



SYNTAX: 
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SHIFT/ROTATE X/Y/XY 



•SHIFT — 



f I 

.1 — "ROTATE — >1 



-X 

i 

1 

-XY—>i 



——LEFT-— —BY— —literal BITS' 
I 1 

I — RIGHT — >t 



>S 



SEMANTICS: 



This Instruction shifts or rotates the X# Y* or XY register CX 
concatenate Y) a specified number of bits to the right of left. Zero 
fill will occur with the SHIFT instruction* 

The literal has a decimal range from to 23 for the X and Y register? 
and from to 47 for the XY register. 

NQTEsThe literal has a maximum value of 1 on the 81710 systems 
with the concatenated XY register^ 



EXAMPLE: 



SHIFT X LEFT BY 5 BITS 
ROTATE XY RIGHT BY 40 BITS 
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SKIP 
SYNTAX: 




■regi ster-*»ALL— - 
I I 

I l-« 

I 

I— -ANY- 
I 



SKIP WHEN — 
! 
I 
I 
1 
I 
1 
1 
|---condi tion — -— — ---— 



literal 



I I 

CLEAR— >i I 
I 

1 



IS I 

I t — -FALS£">1 



SEMANTICS: 



This instruction causes one aicroinstruct ion to be 
designated condition is satisfied* (See also: IF*) 



skipped if the 



SKIP WHEN registers The literal contains a 4-bit mask 
comprised of decimal* binary* or heaxadecinsal entries. 



and nay be 



ALL is considered to be true only if all the bits in the register 
corresponding to one bits in the mask are true* That ls# only the 
designated bit positions are tested to see if they contain ones* ANY 
is true if at least one bit in the register corresponding to a one bit 
in mask is true. EQL is true if all the register bits equal the 
corresponding bits in the mask* That is» the register oust be exactly 
like the mask* 

ALL CLEAR causes the ©asked bits of the register to be set to zeros 
after testing the ALL condition. Only the bits tested are cleared* and 
the clearing action always occurs whether the SKIP is taken or not. If 
ALL is used with a aask of 0000* the result is always false* 
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SKIP 
cont 



SKIP 
cont 



SEMANTICS cont 



FALSE causes a skip when the whole condition Is false. 

SKIP WHEN conditions The condition may be any condition available from 
the condition registers. (See: IF.) 

The register may be declared as follows: 



FU 


TA 


LA 


CA 


BICN 


FT 


T8 


LB 


CB 


FLCN 


FLC 


TC 


LC 


cc 


INCN 


FLO 


TO 


LO 


CO 


XYCN 


FLE 


TE 


LE 




XYST 


FLF 


TF 


LF 







PROGRAMMING NOTE 

The use of the IF. ..THEN. ..ELSE instruction 
recomaended rather than the SKIP instruction. The SKIP 
United to one* *»-bit grouping mask in one register and 
only skip one microinstruction. The. IF is capable 
testing any combination of bits in many registers 
skipping blocks of isicrolnstruct i ons and will generate 
SKIP WHEN hardware cticroinstruction whenever possible. 



is 
i s 

may 

of 

or 

a 



S. MEMORY. LOAD 
SYNTAX! 
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S. MEMORY. LOAD 



S. MEMORY. LOAD — -- — START ->i 



SEMANTICS: 



This instruction specifies the location for beginning stateaents in 
S. MEMORY. Code is not generated* but the code address of the last 
statement is placed in the IP8 (Interpreter Parameter Blocfc) at 
RESERVED. H. MEMORY. 
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STORE 



SYNTAX: 




STORE F INTO- — ---double. scratchpad. word-— -->| 



SEMANTICS: 



This instruction MOVEs the Field <F) register Into any double 
scratchpad word (SQ-..S15); the F register remains unchanged, 

NOTES The compiler generates two MOVE instructions on 81710 
systems* 



EXAMPLE: 



STORE F INTO S6 



SUB. TITLE 
SYNTAX? 
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1 1 

SUB. TITLE------ --*- "character •string"" ----- 

i 1 

l-->TOD AYS. DATE— — — — >l 

f I 

I — >TOD AYS. TIME — — — — >1 



->i 



SEMANTICS? 



This instruction modifies program title information. 

If "character. string** exceeds 72 characters* right-hand truncation 
will occur. 

$ HEADINGS and either $ LINES. PER. PAGE C#J or $ PAGE.NUMBERS must be 
specified if subtitles are required on following pages. 



EXAMPLE: 



SUB. TITLE TODAYS. DATE CAT "PROS. A" CAT TODAYS. TIME 



SUBTRACT SCRATCHPAD 



SYNTAX* 
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SUBTRACT SCRATCHPAD 



SUB TRACT--- --scratch pad. word-- ---FROM FA--' 



>l 



SEMANTICS? 



This Instruction subtracts the left half of any 
CS0A...S15A) from the Field Address (FA) register* 
placed in FAI the contents of scratchpad-word remain 
also: ADO SCRATCHPAD.) 



scratchpad word 

The result is 

unchanged* (See 



EXAMPLES 



SUBTRACT S3A FROM FA 
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TABLE 
SYNTAX* 



TABLE 



TABLE label 



« I 

BEGIN — — --«• char act er. st ring ••-—•— -END --•---> f 
i I 

l--~hex„stri ng------->i 



SEMANTICS: 



This instruction creates in-line character-strings. 

Only one string is allowed per line. The charcter .stri ng must bo 
enclosed within quotation marks? the hex. string «ust be enclosed 
wi thin 3 si ghs. 

The BEGIN/END pair raust surround all strings in the TABLE. The 
characters are grouped two per address* i.e.* 16 bits. 

The label must be unique* its use references the first 16 bits of the 
table. 



EXAMPLE: 


mtmtmmt^mtmmm 


TABLE REf 


BEGIN 


"AB" 


3ABC3 


W D W 


* , 45 w 



END 

MOVE ADDRESS <REF) TO Y 



Code generated: 

C1C2 
C1C2 
C3C4 
F4F5 

X The address of the table <REF) will 
% be loaded into the Y register 
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SWAP 




(Available on B1720 systems only) 



SYNTAX: 



SWAP literal BITS- 



S 1 

I---REVERSE — >! 



WITH— L- — 

I J 

j--«T-*>i 
I I 

I X-->i 

f 1 



>i 



SEMANTICS* 



This instruction swaps the specified 

nemory and the specified register. 



number of bits between main 



The FA (Field Address) register laust have been previously set to 
proper main weraory address* 



the 



The literal has a decitaal range from to 24. If the value of the 
literal is zero* the contents of the CPt register are used. If the CPL 
register is also 0* the register is cleared to all zeros* If less than 
24 bits are swapped* the leading bits of the register are zero. 



Normally the 

field to be s 

point to the 

specified register it* T» 

as if it had been read in 



contents of the FA register point to the first bit of the 
wapped. If the REVERSE option is used* the contents of FA 
last bit * 1 of the main memory field involved* The 
ister (L* T» X or Y) receives the contents of this field 
been read in a forward direction. 



PROGRAMING NOTE 

Incrementing or decreoent ing of the FA or FL registers is 
not allowed with the SWAP instruct ron. 



TITLE 
SYNTAX* 
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TITLE' 



I 



"char act er. string *•---- 



-I 



I 

TOD AYS. TIME — — >| 



I 

t — TODAYS. DATE 

I 

I- 



,->j 



SEMANTICS 



This instruction modifies program title information. 

If "character. string" exceeds 72 characters* right-hand truncation 
will occur. 

$ HEADINGS and either $ LINES. PER. PAGE C#3 or $ PAGE. NUMBERS sust be 
specified if titles are required on following pages. 



EXAMPLES 



TITLE TODAY. DATE CAT "PATCHES' 



TRANSFER. CONTROL 



SYNTAX 




TRANSFER. CONTROL' 



>I 



SEMANTICS 



This instruction generates the BIND hardware instruction. 
Appendix B: BIND) 



C See 
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WRITE 
SYNTAX! 




WRITE— HSML FROH x— — — - 



->l 



* i ill 

•literal-- — --«•- 8IT — >1 *-REVERSE->l l-Y->l 

1 « « I 8 

~Ciiterai)->f I-BITS->I l-T->i 

1 8 
l-L->f 



I 
I 
I— - 



-I NC— — FA — —————— - 

I I 

• •f"L'"'*"** , "' WiM * , **' a *" l '"" , " 0,i,s 5*l 

' S 
--FA AND DEC FL— >l 

1 

— FL AND DEC FA— >t 



I 

I 

t 

I 

8 

f 

i — DEC 

I 

f 

f 

i 
f 
I 
f 
i 
I 



FA 



I 

— FA AND FL — >l 

3 
— FL ANO FA— -■— >! 

1 

— FA AND INC FL— >l 

I 
""FL AND INC FA— >i 

I 
—FA AND DEC FL — >l 

I 

— FL AND DEC FA— >! 



I 
I 
i 

1 
f 

I— POINT FA TO airthaet Ic^expressioiv 



8 - 8i 



WRITE 
cont 



WRITE 
cont 



SEMANTICS? 



An M-Memory WRITE <MSML TO X) instruction writes from the X register 

the 16 bits in M-Memory pointed to by the contents of the L register. 

The contents of L must be modulo 1$, This facility is not available on 
S*Memory Processors* 



An S-Memory WRITE instruction writes from to 24 bits of information 
into S-Mesiory from one of the allowable source registers: X* Y* T» 
L. 



or 



The amount of data 



written Cfield length) is determined 
literal/Cliteral) 8ITCS) option. If this is equai to or 
then the field length is given by the contents of C*l. i 
justified in the selected source register* If th© field length 
then nothing is written* 



by the 

is empty* 

is right 

is zero 



Normally the contents of the FA register point to the first bit of the 
field to be written. If the REVERSE option is used* the contents of 
the FA register point to the last bit ♦ I of the field to be written 
to memory. Memory contains the rightmost contents of the source 
register as if it had been, written in a forward direction. 



INC/DEC adjusts FA/FL by the field length after the operation 
the same microinstruction. 



but in 



POINT FA adjusts FA by up to 144 ♦ 
operation* (A warning message will be 
greater than 72 + field length bits). 
literal/Cliteral) BITtS) is specified 
also: FA. POINTS and POINT.) 



field length bits after the 

issued if the adjustment is 

This option can be used only if 

and is greater than 0. <See 



The unparenthesized literal has a decimal range from to 24. 
Ctiteral) has a decimal range from to 26s a value of 25 wilt cause 
24 bits to be written with correct parity; a value of 26 wilt cause 24 
bits to be written with incorrect parity* 



EXAMPLE: 



WRITE MSML FROM X 

WRITE 24 BITS FROM X 

WRITE FROM Y INC FA 

WRITE 2 BITS REVERSE 

WRITE REVERSE FROM L 

WRITE 10 BITS FROM T 



FROM T DEC FA AND DEC FL 

DEC FL 

POINT FA TO 25 



WRITE. STRING 



SYNTAX: 
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WRITE. STRING' 



string — 



FROH 



f 
I 

I- -INC- 



I I 

f-REVERSE->l 



i 

I 

— FA AND DEC FL— >1 

I 

— FL AND DEC FA— >* 



— X 

I i 

1-Y->1 
i 1 

4-T-X 
t I 

i~l->i 



>l 



--DEC FA —— — ———— 

f I 

i «■«■£*! a* am ammam»mm»mi—nmmamBf^& 
I I 

1— FA AND FL— >l 

1 I 

I— FL AND FA ->t 

I I 

I--FA AND INC FL-->I 

I I 

I--FL AND INC FA-->I 

I I 

t— FA AND DEC FL — >% 

1 I 

1--FL AND DEC FA — >! 
I 
I— POINT FA TO alrthmet ?c. expression- 1 



WRITE. STRING 
cont 
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WRITE. STRING! 
cont 



SEMANTICS? 



This instruction generates the necessary in-line literals for a 
string* with moves to the indicated register. It also generates the 
HRITE commands to write the string into main memory* beginning at the 
address in the FA register. 

The length of the string is limited to the remainder of the source 
card image. It may be any of the following data types. 



Type 


Start-Stop 
Symbol 


Length of 
Each Unit 


Example 


Character 


wr 


8 bits 


"APC128JKL" 


Hex 


a 


4 bits 


3124ADF3 


Octal 


3C3) 


3 bits 


3C3H235673 


Quartal 


3C2> 


2 bits 


3C2H233213 


Unary 


3(1) 


1 bit 


acimooima 



EXAMPLES 



HRITE. STRING W APC W REVERSE FROM X 
WRITE. STRING POINT FA TO 64 



8-92 



XCK 




SYNTAX: 



XCH--- - double *s cr at chp ad. word.l----F— --double* scratchpad, word. 2---->1 



SEMANTICS: 



This instruction taoves the Field CF) register to double scratchpad 
word. 2 <S0«*.S15); double scratchpad word.1 CS0...S15) is then raoved 
to the F register. The two words siay be the same* 



EXAMPLE: 



XCH SO F SO 



equivalent to: 



and simultaneously 



MOVE FA TO SOA 
HOVE FL TO S08 

MOVE SOA TO FA 
MOVE SOS TO FL 
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PROGRAMMING TECHNIQUES 



VIRTUAL-LANGUAGE DEFINITIONS 



A set of virtual-instructions for the virtual aachine must first be 
defined as each being a unique string of bits. This definition ©ay be 
chosen according to any relevant criteria. For example* C080L verbs 



cnosen auuoruing 10 any i etevdni sru»ria« rur WRciraptw* tuouu vorus 

raay be encoded according to their frequency of usage* the higher 
frequency verbs being encoded in three bits with one ©scape code that 
specifies the next eight bits as an extended code string. Another 

«.« am. a. .* a k ni/ik* Ka + a aaaaa* /Ji*nA«- 1m «• U a «>a>i*.aa t a «*. a . t a a a 4* £ ■* - 




ASSEMBLY CODING FORM 



The compiler accepts card images consisting of one symbolic 

microinstruction per card. The source program must reflect the 
following formats 

Coluam Usage 



1-5 Reserved for label declarations which* if used* must 
begin somewhere within this field* 

1-72 A percent sign C%) anywhere within this field 
indicates that everything to the right is a comment* 

6-72 Microinstructions may appear anywhere within this 
field. At least one blank must be used between words 
except in those cases where a special character 
Ce-g,* a parenthesis or relational operator) is 
required* in which case blanks are optional* 
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Both point labels and uniques labels are allowed* 
with a limit of 25 characters and no imbedded 
blanks* A blank is the separator between the label 
and the beginning of the microinstruction. 

73-80 Reserved for sequence numbers* 

Source code maintenance as welt as other compiler options may be 
specified by the use of either a $ < dollar sign* or & taipersand) in 
column 1* CSee Appendix A: MIL Compiler Operation*-) 

PROGRAH EXAMPLES 



Examples A# B and C first explain S-language statements* there is 
assumed to exist some basic driver routine which is in control at the 
beginning and end of each S-instruction* This control routine performs 
the Virtual Machine functions of maintaining an Instruction register 
and fetching the next S-instruction. 

EXAMPLE At 

Assume the following* 

1* The 3 bits 010 imply an S-instruction of ADO 6 decimal 
digits* Indirect address-1* Indirect address-2 and store the 
answer in Indirect address-2. 

2* Indirect addresses are displacements from the beginning of a 
table; the actual base value of the table is the current 
setting of the Base Register (BR). 

3* The lengths of the Indirect addresses are 9 bits. 

4* All data is in 4-bit decimal form and is 6 decimal digits C24 
bits) long* 

5* Overflow is to be ignored. 

The instruction might appear as follows? 

010 0000110010000101100 in main memory. 
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This bit string represents an S-inst ruction corapiled from a source 
language statement such as the following: 

4 ADD SUM TO ROLLTOTAL 

That portion of an interpreter which would perforin the addition might 
appear as follows: 



NEXTSOP READ 3 BITS TO X INC FA 
MOVE X TO M 
JUMP FORWARD 
GO TO ROUTINE. FETCH 
GO TO ROUTINE. STORE 
GO TO ROUTIN£*ADD 



X GET 0P-C00E 

X PREPARE TO DECODE 

% GO TO DECODER 



X ADD ROUTINE 



ROUTINE. ADD 

MOVE BR TO SIA 

READ 9 BITS TO T INC FA 

READ 9 BITS TO L INC FA 


X 
X 

X 

% 


LABEL FIRST LINE 
SET BASE FOR ADO 
READ FIRST INDEX 
READ SECOND INDEX 


MOVE L TO FA 
ADO SIA TO FA 
READ 24 BITS TO X 
MOVE T TO FA 
ADD SIA TO FA 
READ 24 BITS TO Y 
MOVE 3(1)001110003 


TO CP 


X 
X 
X 
X 
X 

% 

X 


LOAD INDEX 

ADD ACTUAL BASE TO INDEX 

GET DATA«2 

LOAD INDEX 

ADD ACTUAL BASE TO INDEX 

GET DATA-l 

CLEARS CARRY 


MOVE SUM TO T 
WRITE 24 BITS FROM 


T 


X 
X 
X 


SETS CPU AND CPL CORRECTLY 
GET SUM READY T3 WRITE 
WRITE SUM 


MOVE 24 TO CP 
GO TO NEXTSOP 




X 
X 


MUST RESTORE CPU IN GENERAL 
GO TO NEXT S-INSTRUCTION 



EXAMPLE B: 



If the source language statement was 

MOVE INVERTING FIELD 1 TO FIELD 2 
The S-language eight foes 
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fOP-COOEi DATA TYPE iAODRESS-I 1LENGTH-U ADDRESS-2 1LENGTH-2 

I BIT 1 O0Ol=BINARY ILEFT-MOST1 IN IRIGHT-NOSTI IN 

1STRING I 0i00=4-8IT I UNIT I BITS I UNIT i BITS 

| * DECIMALC8C0) I ABSOUTE I • AODRESS 1 

f I 1000^8-BIT I AODRESS I I IN BITS 8 

I 1 DECIMALIEBCDIC) I IN BITS I I * 

NOTES: 

1. The size of each element In the S-language is 24 bits or 
less* 

2. The teft-wost-address-1 points to the beginning of field-i 
and the data will be accessed with READ FORWARD commands. The 
right-raost-address-2 points to the end of field-2 and the 
data will be accessed with READ REVERSE coaiaands. 

Assume the following events have been performed in a wanner sioilar to 
that used in Example A: 

1. The Op-code has been properly decoded and the correct routine 
has been entered. 

2. The address and length of Field 1 are in the F register. 

3. The address and length of Field 2 are in scratchpad word SO. 

The following code then performs the INVERTED-MOVE operation and 
properly pads if the receiving field <field 2) is longer than the 
sending field Cfield I). 

INMOV BIAS BY UNIT X SET CPU AND CPL 

READ 4 BITS REVERSE TO L X GET TYPE INDICATOR 

TOP IF FL = THEN GO TO PAD % TEST LIMIT FIELD1 

IF SFL = THEN GO TO ENDOP X END OF FIEL02 STOP 

READ TO X INC FA AND DEC FL X GET A UNIT OF OATA 

XCH SO F SO X EXCHANGE SO AND F REG 

WRITE REVERSE FROM X DEC FA AND DEC FL 

X PUT A UNIT OF DATA 

XCH SO F SO % EXCHANGE FOR GET 
GO TO TOP 

PAD LOAD F FROM SO * GET ADDRESS INTO F REG 

HOVE TO X % SET ZERO FOR PAD 

IF LF<4> THEN X TEST FOR EBCDI-C 

MOVE 3403 TO X % ADD PAD SPACES 

A. WRITE FROM X DEC FA DEC FL X WRITE A SPACE 

IF FL NEQ GO TO -A X TEST LIMIT 

GO TO ENDOP * END OF OPERATION 
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The resultant data movement in memory would be* 

Alpha Data String 
FIELD! FIELD2 

Before 4A8COE! * 4 5 6 7 8 3 



After t A 8 C D E I 1EDCBA5 






Sit Strings 

FIELD1 FIEL02 

Before J 1 1 I 1111111 

After I 110001 10 11! 



Notice that the same Microinstruction sequence will work in either 
case* 



BURROUGHS CORPORATION 
SANTA BARBARA PLANT 

EXAMPLE C 



Hit 
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Given: A list of data items* 

Problems Sort the data itetns into ascending sequence in place* 
COo a bubble sort.) 

Assume: 

!• The S-operator has the following general format: 



S-op 



Type Indicator 



Left-sost Length 

Address Of List 

In Bits In Bits 



I ........... ,........- .... . .- 

I A I h « 4-bit decimal I A I A 9 
I BIT STRING I 8 * 8-bit alpha (EBCDIC) I SIT STRING 1 BIT STRING 8 
I 1 any other value fro« 1 f I 

I I to 15 I t 1 



3* 



The S-op has been decoded (see Example A) and the necessary 
routine has been entered* 

Scratchpad word S5 contains the roost-significant Cieft-nost) 
address in S5A and the TYPE and length in S5B. 



Then the following routine will perfro® the bubble sorts 



BSORT CLEAR L 

CYCLE LOAD F FROM S5 

IF FL * THEN 60 TO ENDOP 

BIAS BY UNIT 
.A COUNT FA HP AND FL DOWN BY 

IF FL = GO TO ENDOP 

READ REVERSE TO X 

READ TO Y 

IF X GEO Y THEN GO TO -A 

WRITE REVERSE FROM Y 

WRITE FROM X 

MOVE 3F3 TO LF 

GO TO -A 
ENDOP IF LFCO) TRUE GO TO EXITR 

CLEAR L 

GO TO CYCLE 
EXITR EXIT 



X CLEAR SWITCH 
X FETCH BEGINNING ADDRESS 
% DEGENERATE CASE TEST 
X SET CPL TO UNIT FOR RD/WT 
COP % PLACE BETWEEN ITEMS 
X LAST ITEM TEST 
X GET ITEM ON LEFT 
X GET ITEM ON RIGHT 
X LEAVE ALONE 
% REPLACE RIGHT TO LEFT 
X REPLACE LEFT TO RIGHT 
X MARK NOT ALL SORTED SWITCH 
X GO GET NEXT 
% EXIT ROUTINE 
% RESET SWITCH 
% TRY WHOLE LAST AGAIN 



FRIOAY* OCTOBER 01* 1976* 10550 AH. 



ML BLOCK 

NAME 





































































3 
























•J 





CODE 



MEMORY 
ADDRESS 



tooooooi 

C0000003 
C0001003 
[0001033 
CG0010C3 

toootoci 



9900 

0300 
2884 
9600 
0600 
9700 

teoo 



roooooj 

C000103 
C000201 
£000303 
C000403 
C0005G3 

t o e o$ o ! 



XXXXXZXXXXXXXXXXXXXXXXXXXXXXXXX2XXXXXXXXXXXXXXZZXXXZXZXXXZZZZZXXXXXXXXXZ 

Z EXAMPLE OF A MIL PROGRAM 

Z THIS PROGRAM DEMONSTRATES SOME OESIRABLE CHARACTERISTICS OF A 

X MIL PROGRAM. THE PROGRAM -INTERPRETS" ONE BIT OP-CODE INSTRUCTIONS 

X FROM A FIELD IN MEMORY AND PERFORMS THE INDICATED OPERATION. SINCE 

X TH^RE ARE ONLY TWO VALUES OF A ONE BIT OP-CODE, THERE ARE ONLY TWO 

1 INSTRUCTIONS TO DECODE. <IN THIS CASE "AOQ" AND "END-OF. JOB" ARE 

% THE ONLY INSTRUCTIONS.) 

xzzzxxzxzzzzxxzxzzzxzxxxxxxzxzzxzzxxxxxxxxxzxxxxxxxxxxxzxxzxxzxxzxzxxzzz 



XXXXXZXXXZXXXXXXXXXZXZXXZZZXZZXXXXXXXXXZXZXZX XXXXXXXXXX 
XXXXXXXXXX GL03AL DECLARES XXXXXXXXXX 

ZZ Y XXXXXXX xxxxxzzzxx 

XZXXXZXXXXXXXXXXXXXXXXZXXXXXXXXXXXXXXXXXXZXXXXXXZZZZXXX 

DECLARE 

01 SYSTEM. INFORMATION BITU668), 

02 DEVICE. STATUS. TABLE BIT(256)» 

AVAILABLE. SYSTEM. MEMORY BITCS)* 

AVAILA3LE. CONTROL. MEMORY BI7C4 )* 

OPTIONS- TABLE . BITC48)* 

03 SWITCHES BITC8), 

03 FILLER 6IT<40>* 

FILLER 8IT(1352>; 



02 
02 
02 



02 



XZXXXXXXXXXXXXXXXXXXZZXZXXXXXZXXXXXXXXZXXZXXXZXXZXZXXXX 
2ZZZXZZZZZ GLOBAL DEFINES XXXXXXXXXX 

XXXXXXXXXX XXXXXXXXXX 

XZZZXXXXXZXXXXXXXXZZXXXXXXXXZXXXZXXXXXXZXXXXXXZXXXXXZZX 
DEFINE ADDR1 = SO* . 

DEFINE ADDR2 ' = Sl# 

DEFINE ADDR3 = S2* 

DEFINE NEXT. INSTRUCTION. POINTER = S4A* 



XXXXXXX 
BEGINNI 

XZZXZXZ 

z 

X THIS 
X THE 
X <THI 
Z 
Z 



XXZXXZXXXXZXXX 
NG.OF.PROGRAMZ 

XXXXZXXXZXZXXX 

PART OF THE INTERPRETER ARBITRARILY SETS THE STARTING ADDRESS OF 
NEXT INSTRUCTION ALONG WITH THE PROGRAM BASE AND LIMIT REGISTERS- 
S INFORMATION WOULD NORMALLY BE FOUND 3Y SOKE OTHER METHOD.) 



MOVE 33C03 TO NEXT- INSTRUCT ION. POINTER 

MOVE 35003 TO BR 
MOVE 313003 TO LR 



SEQUENCE 



00000200 

00000300 

00Q0Q400 

00000500 

00000600 

00000700 

00000300 

00000900 

00001000 

00001100 

00001200 

00001300 

000 014 00 

00001500 

00C01600 

00001700 

00001800 

00001900 

00002000 

00002100. 

00002200 

00002300 

00002400 

00002500 

00002600 

00002700 

00002800 

"00002900 

C0003000 

0000310C 

00003200 

00003300 

00003A00 

00003500 

00003600 

00003700 

00003800 

00003900. 

00004000 

00004100 

00004200 

00004300 

00004400 

00004500 

00004600 

00004700 

00004800 

00004900 

00005000 



PATCH 

INFO 






00005100 



J 00005200 



C0005300 



O 



J3j 
M 

o 

09 
f$ 

B 



! 

•^1 









1 FETCH 

1 FETCH 

1 FETCH 
FETCH 
FETCH 
FETCH 
FETCH 

1 FETCH 

1 FETCH 

1 FETCH 







. 











1 
1 



ADD 
ADO 
1 AOD 



ADD 
AOO 

ADO 
AOO 
AOO 
AOO 



1 AOO 



AOD 
ADO 
ADO 



1 AOO 



ADO 
AOO 
ADO 
ADO 
AOO 
AOO 
ADD 
AOO 
ADD 



I AOD 



AOO 
AOO 



^ 



1 

1 











1 END. OF. 

1 END- OF. 

1 END. OF. 























IFETCHX 






t 


zxztix 

2 


8CI8 


a 


CQ00701 ' 




28A4 


3 


CO0O8O3 ' i 




7101 


a 


£000903 J 




2884 


3 


1000A03 : 




10A5 


3 


£000303 : 




cooo 


3 


£0O0CO3 '* 




001 


a 


[OOODO] : 




C015 


a 


I000E03 : 


Z 

:zztz 

AOOZ 
'.ZZXZ 

to 

Z 

X 

:Z 
:Z 



BlNftKT? KtAU5 17i M' 
CALCULATED BRANC^ 



J THE INDICATED EXECUTION ROUTINE, 



3182 2 C000F03 
8890 3 £001003 
E013. 3 £001103 
0050 3 £001203 



E01F 


a 


£001303 


11A0 


a 


£001403 


oroi 


a 


£001503 


E01C 


3 


£001603 


0712 


a 


£001703 


0033 


2 


£001803 


0013 


3 


£001901 


10E2 


3 


'E001A03 


0064 


3 


,£001B03 


60A8 


3 


E001C03 


C003 


3 


£001003 


300F 




: £001E03 


1002 


1001F03 



1004 3M.0O20O3 

7FA0 3rt002103 
0720 3 £002201 
0011 3 £002303 



JOB 

J33 0001 

JOB 



3 £002*03 



BEGIN FETCH 

MOVE 24 TO CP 

MOVE NEXT-INSTRUCTION-POINTER TO FA 

READ 1 BIT TO X INC FA 

MOVE FA TO NEXT-INSTRUCTION. POINTER 

MOVE X TO M 

JUMP FORWARD 
GO TO ADO 
GO TO ENO.OF.JOB 
END FETCH 



ZGET. OP CODE. 



SOP _ 0. 
ZOP _ 1. 



THIS EXECUTION ROUTINE PERFORMS AN ABSOLUTE* 3 ADDRESS* 
BINARY OR DECIMAL ADD. OVERLAPPING FIELDS ARE PERMITTED. 
LEFT TRUNCATION OR LEFT ZERO FILL HILL OCCUR IN THE 
RESULT FIELD IF IT IS RESPECTIVELY LONGER OR SHORTER 
THAN IS REQUIRED TO CONTAIN THE RESULTANT SUM. ALL 3 
FIELDS MUST BE OF THE SAME TYPE<BINARY* 4-BIT DECIMAL 
OR 8-3IT DECIMAL) CR THE RESULT IS NOT DEFINED. 



.LOOP 



: 

:Z 

3ZZZZZZ 

t'END-OF 

:ZZXZZZ 

:Z 



: XXZZZX 

tLOAO.A 

:XXZXXX 

:z 

iX 

H 



BEGIN ADD 

MOVE 2 TO FT 

MOVE 144 TO FA 

CALL LOAD. ADDRESSES 

LOAD F FROM ADDR1 

CALL GET. DATA 
MOVE Y TO X 
XCH AD0R2 F ADDR1 
CALL GET. DATA 
XCH ADDR3 F AD0R2 
BIAS BY F TEST 

GO TO FETCH 
MOVE SUM TO T 
CARRY SUM 
IF FU EQL 8 THEN 

BEGIN 

MOVE 3F3 TO TA 
MOVE TA TO TC 
MOVE TA TO TE 

END 

WRITE REVERSE FROM T 

XCH AD0R1 F ADDR3 

GO TO -LOOP 
END AOD 



ZINDICATES A 3 ADDRESS INSTRUCTION 
ZLENGTH OF 3 ADDRESSES 



ZGET ADDEND. 



ZGET AUGEND. 



2EN0 OF RESULT FIELD AND INSTRUCTION. 



ZSUPP.LY EBCDIC NUMERIC ZONES IF 8-BIT 



OEC FA AND FL ZWRITE SUM. 



ZZZZZ 
.JCBZ 

ZZZZZ 

BEGIN END. OF. JOB 

HALT 
END END. OF. JOB 

ZZZZZZZXZ THIS GENERAL ROUTINE LOADS It Z OR 3 ADDRESSES TO 
OORESSESZ SCRATCHPAD AND UPDATES THE NEXT. INSTRUCT ION. POINTER. 
ZZXXZXXXX ALL ADDRESSES ARE IN THE FOLLOWING FORMAT; 

A) A Zk BIT* BASE RELATIVE* S-MEMCRY AODRESS 
WHICH IS CONVERTED TO AN ABSOULUTE ADDRESS 
POINTING AT THE END CF A FIELD 1. 



00005600 

00005700 

00005300 

00005900 

00006000 

00006100 

00006200 

00006300 

00006400 

00006500 

00006600 

00006700 

00006800 

00006900 

00007000 

00007100 

00007200 

00007300 

00007400 

00007 500 

00007500 

C0007700 

00007800 

00007900 

0COO8OO0 

00005100 

00008200 

00003300 

00003400 

00008500 

00C08600 

00008700 

00008800. 

00008900 

00009000 

00009100 

00009200' 

« 

00009300 
00009400 
00009500 
000C9600 
00009700 
00009800 
00009900 
00010000 
00010100 
00C10200 
00010300 
00010400 
00C10500 
00010600 
00010700 
00010300 
00010900 
00011000 
000 11100 
00011200 
00011300 
00011400 
00011500 
00011600 



LOAD 

LOAD 
LOAD 
LOAD 

LOAD 



I LOAD 



LOAD 
LOAD 
LOAD 
LOAD 
LOAD 
LOAD 
LOAD 
LOAD 



1 LOAO 

1 LOAD 

1 LOAD 











1 
1 
1 
1 
1 









.ADORE 

.ADORE 
.ADORE 
.ADDSE 
.ADORE 
.ADORE 
.ADORE 
.ADDRE 
-ADQ3E 
.ADORE 
.AQD^E 
.ADORE 
.ADD3E 
.ADDRE 
.ADDRE 
.ADDRE 
AUO'RE 



0804 a C00250 3 
2884 3 £002603 



1SA1 
7588 
7538 

10EO 
SC30 
1165 
20C0 
1165 
2290 
31F1 
0008 
1BA4 



£002703 
£002803 
£002903 
C002A03 
£002303 
1002C03 
EO02D03 
£Q02E03 
E002F03 
[003001 
£003103 
[003203 



GET. 
GET. 
GET. 
GET. 
GET. 



DATA 
DATA 
DATA 

DATA 
OATA 



0032 a 1003303 
7760 3 £003403 
ISA* a £003503 



OOOF a £003603 
0000 3 C003703 
0000 a £003803 
COOO 2 £003903 



.LOOP 



B> A 4 8IT TYPE FIELD* 0001 FOR BINARY* 0100 
FOR 4-BIT DECIMAL AND 1000 FOR 8-3IT 
DECIMAL); 

C) 4 UNUSED BITS 

D) A 16 BIT FIELD LENGTH INDICATING THE NUMBER 
OF BITS CONTAINED IN EACH FIELD. 

BEGIN LOAD-ADDRESSES 

ADD NEXT. INSTRUCTION. POINTER TO FA Z > END OF ADDRESSES 

MOVE FA TO NEXT. INSTRUCTION. FOINTER 



DEC FA 
OEC FA 

TO Y 



ZGET TYPE AND LENGTH. 
ZGET ADDRESS. 
XADDRESS BASE. 
ZGET LENGTH 
ZSELECT A SCRATCHPAD 
ZAODRESS LENGTH 



ZTYPE AND LENGTH. 



Z 

ZZZZZZ 
GET- DA 

1ZZ1ZZ 

z 



HOVE BR TO Y 

READ 24 BITS REVERSE TO T 
READ 24 BITS REVERSE TO X 
MOVE SUM TO X 
EXTRACT IS SITS FROM T£8) 
MOVE FT TO M 
HOVE SUH TO SOA 
HOVE FT TO M 
HOVE T TO SOB 
DEC FT 3Y 1 TEST 
. GO TO -LOOP 
EXIT 
END LOAD. ADDRESSES 

ZZZ THIS GENERAL ROUTINE WILL READ FROH ZERO TO 24 BITS INTO 
TAX THE M-MACHINE* SET CPU TO THE ENCODED DATA TYPE AND SET 
ZZZ CPL TO THE NUH3ER OF BITS READ. . 

BEGIN GET. DATA 

BIAS 8Y F * ' 

READ REVERSE TO Y DEC FA AND FL 

EXIT 
END GET-DATA 
FINI 



00011700 

00011800. 

000.11900 

00012000 

00012100 

00012200 

00012300 

00012400 

00012500 

00012600 

00012700 

00012800 

00012900 

00013000 

00013100 

00013200 

00013300 

00013400 

00C13500 

00013600 

00013700 

00013800 

00013900 

00014000 

00014100 

00014200 

00014300 

00014400 

00014500 

00014600 

00014700 

00014800 

00014900 

00015000 

00015100 

00015200 

00015300 



NO ERRORS OETECTED 

MICRO INSTRUCTION COUNT = 00058 

CAUTION: $ SUBSET MAS 'NOT SPECIFIED? THEREFORE* THIS 
PROSRAH SHOULD NOT BE USEO ON A B1712/8I714- 



I 
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APPENDIX A* MIL CGHPILER OPERATION 



CONTROL CARDS 



The purpose of the compiler control card Is to allow the prograamer to 
specify options to the compiler I/O files* 

Every MIL control card has either a $ < dollar sign) in coluian I and is 
called a "dollar card*** or has an I Caspersand> in column 1 and is 
called an "ampersand card". Columns 73-80 aay be used as a sequence 
field. 
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DOLLAR CARD SYNTAX* 



$- 



I 



I 



any. do liar .opt ion. not. in.t hi s.dl a gram' 



1 t 

I«"»-NQ-->1 



— -DEBUG* 



S I 

I---H teral-->8 



I 

I 
1 

---HARDWARE. TYPE*—- — -$- — — — — — — —— ——— — — >| 

i---H*">i i 

I 

---LINES. PER. PAGE literal-" — — — — >| 

I 

-—HERGE--"'— '- — — —————— '-*— — — ""• - — — — — — ->| 

1 

---NQPS-- .- — — — «.«. . — — -— >j 

I 

"••PAGE■"**""""** , """*"""' < """"**""""""*"" , """*"* ,i, **""" , *"^^ 

I 

PASS.END™ - — — >| 

I 

---PROTECT — •>« 

I 

-•— -«-SE;X-.-. — — -condit ional. inclusion, ident f fier— >l 

I I 3 

l- — R£SET-->l * 

I 

-NO SEQ— ■- •———— — —.——— — • — ->| 

1 
■-SEO- — --- — — — —— — - — — - — —-»—--. 

I I 

I -- ♦ increment*— •—••>! 
1 I 

1 -- base--""* , -*"" ,, ""*" ,, "*" > 8 
I « 

I-- toase ♦ increnent*->l 



---TAPE' 



f 
I 
I 
f 
1 
I 
I 
>i 



— VOID- 



« I 

«-->terfainating.sequence.fieid--->l 



1MB m^ 



>l 
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DOLLAR CARD SEMANTICS* 



ALLCODE 

AMPERSAND 
ANALY2E.C0DEFILE 

BflO 

CHECK 
COMPILE 

CONTROL 

DEBUG 

DECK 

DOLLAR 

DOUBLE 

ERRORFILE 

EXPAND 

EXTERNAL 
FORCE 

FRAME 

HARDWARE,. TYPE 



lists alt code generated by each MIL statement 
{default on) 

lists all ampersand cards (default on) 

prints an analysis of the code file at end of 
source listing 

generates code for B1710 (S-Memory) 
Processors; same as SSUBSET* SHARDHARE TYPE=S 

checks for sequence errors (default on) 

when reset a fast source listing will be 
produced with no code generation or syntax 
checking Cdefault on) 

prints all dollar cards on listing? sane as 
SDOLLAR 

for compiler debugging use 

punches an object deck 

prints all dollars cards on listing 

double spaces listing when printing 

lists errors and warning separately 

prints all statements (including comments) in 
a macro invocation 

generates external segment branching code 

generates a code file regardless of syntax 
errors 

lists all IF# BEGIN... .END statements which 
conditionally exclude code (default on) 

specifies which hardware processor type will 
be used? S (S-Meraory )* M (M-Memory)* U 
(Universal). Example: SHARDWARE.TYPE = U 
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HEADINGS 

LINES. PER. PAGE 

LIST 

LISTALL 

LIST. NOW 
LISToPATCHES 

LISTP 

MERGE 



NEW 

NO 

NOPS 

OLD. LISTING. FORMAT 

PAGE 

PAGE. NUMBERS 

PARAMETER. BLOCK 

PASS. END 
PROTECT 



prints all title and subtitle headings at the 
beginning of each page 

prints maximum nurnber of tines per page of 
listing if PAGE. NUMBERS is unspecified 

lists all source records excluding saacro 
record (default on) 

lists all unconditionally excluded records to 
be printed 

lists source records when read; saae as SLISTP 

lists all patches when read #used with $HERGE 
Cdefault on) 

saene as $ LIST. NOW 

merges a secondary source file <*CARDS W ) with 
the primary source file (-SOURCE-) replacing 
primary source records by secondary records 
with the sarae sequence numbers 

creates- a new source file l*NEWSOURCE w ) 

resets any specified dollar option if allowed 

generates a NOP for external linking code 

uses listing for pre-5.i version of the 
compiler 

skips to a new page before printing 

puts page number on each new page of listing 

punches a parameter block with the object deck 
if used with SDECKI otherwise only code is 
punched 

displays compiler pass inforaation on Console 

protects SKIP when specified 
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RESET 



SEQ 


SET 


SINGLE 


SUBSET 


SUPPRESS 


TAPE 


VOID 



XREF 
XREF. ALL 

XREF. LABELS 
XREF. NAMES 
XREF. REGISTERS 



resets any specified conditional inclusion 
option 

resequences source records 

sets any specified condtionat inclusion 
opt ions 

prints single-space listings (default on) 

generates code for B1710 <S-Memory) 
Processors; saie as $8710* SHARDKARE. TYPE=S 

suppresses printing of warning messages 

specifies that the source file is on tape 

deletes a specified range of source records. 
The specified range Bust be exactly 8 
characters; the first character iust not be 
blank or X 

sets XREF. LABELS and XREF.NAHES 

sets XREF. LABELS* XREF. NAMES and 
XREF. REGISTERS 

cross-references all labels 

cross-references all names 

cross-references alt registers 



NOTES AND RESTRICTIONS: 

A* Unless otherwise specified Cthrough the MERGE option)* the 
only source of input is the card reader* Once S MERGE has 
been specified* it is not possible to again indicate "CARDS 
ONLY**. 

8. If no dollar cards are used the default options are: ALLCODE* 
AMPERSAND* CHECK* COMPILE* FRAME* LIST and SINGLE. All input 
will be froa cards. 

C. Options are turned off only through the appearance of NO 
followed by the option word. Note that NO and the option word 
atQ separated by at least one blank. 
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D. Comments may appear on dollar cards by proceeding the connent 
with a % (percent sign)* 

E. Dollar cards are not included as part of a ~NEWSOURCE w file 
when $ NEW is specified* 

F. In the case of redundant $ cards* the last card in the 
equivalence is perferred. 

$ HARDWARE TYPE = $ SUBSET = $8710 
$ CONTROL = $ DOLLAR 
$ LISTP - $ LIST. NOW 



AMPERSAND CARD SYNTAX: 



LIBRARY-— — -aultl.f ile. id- 



>i 



1 I J 

I l---8ilti«fi le.id/f i le. id— ————->! 

I I I 

I I — -pack.id/rault i.f ile. id/-----— — ->i 

I 
— -pack •id/mi It i»f i le. id/ file, id-— >1 

— DEFAULT— —-SET- — -— --condi t ion. inclusion, i dent i f ier— > 
1 1 

I— RESET— >f 



— $ dollar, option--' 



AMPERSAND CARD SEMANTICS? 



LIBRARY Causes the specified file to be opened ar%6 compiled. 
Compilation proceeds to the end of the library file with no 
contribution from any standard primary or secondary input 
file. At end of file* compilation is resuraec froa the 
standard input files. 

DEFAULT Specifies default settings for one or more conditional 

inclusion toggles. The default setting for a particular 

toggle will take effect only if no previous S or & card 
specified a setting for that toggle* 



EXAMPLE: I DEFAULT SET TOG. A RESET TOG.B. 



A - 7 

BURROUGHS CORPORATION COMPANY CONFIDENTIAL 

SANTA BARBARA PLANT HIL P.S. 2212 5298 

$ Any valid dollar statement may be used. 



NOTES AND RESTRICTIONS* 

A, A library file is assumed to be a disk file with 4 

records/block. 

B. The last record in a library file that is to be compiled must 
be FINIs This record cannot be omitted* 

C- All & records are included as part of a "NEHSOURCE* file when 
$ NEK is specified* 

0. t$ records are listed only when both $ DOLLAR and $ AMPERSAND 
are specified* 

E. LIBRARY* DEFAULT and $ statements may not be intermixed on a 
single & card- 

EXECUTION DECKS 



STANDARD EXECUTION DECKS 

Following are examples of some execution decks that may be used to 
compile HIL programs on a 81700* 

If the source code i s on cards only* the following deck may be useds 

? COHPILE object. name HIL LIBRARY 
? DATA CARDS 

* 

* 
CHIL Source Cards) 

* 

? END 
If the source code is on disk* the following deck may be used: 

? COHPILE objeet*name MIL LIBRARY 

? FILE SOURCE NAME source*name* 

? DATA CARDS 

S MERGE 
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CPatch Cards If Any) 



? END 



If ft is desired to make a new source file on disk as the result of a 
compilation* one of the following decks may be used: 

? COMPILE object. name HIL LIBRARY 

? FILE NEWSOURCE NAME new* sour ce. name? 

? DATA CARDS 

$ NEH 



(MIL Source Cards! 

? END 

or if the source file is already on disk then: 

? COMPILE object. name MIL LIBRARY 

? FILE SOURCE NAME source. name; 

? FILE NEWSOURCE NAME new.sour ce.nasie? 

? DATA CARDS 

$ MERGE NEW 

CPatch Cards If Any) 



? END 

Each of the names object. name* source, name* and new. source* name 
take one of the following formats* 

multi.f ile.id 

isulti .f ile. id/f ile.id 

pack. id/mutti .file. i d/ 

pack.id/multi «f ile.i d/f i le# id. 



ay 



where 



mutt i .file. id = identifier 
file.id - identifier 
pack.id = identifier 
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EXAMPLES: 

? COMPILE HiNNI NIL LIBRARY 

? FILE SOURCE NAME MOUSE/SOURCE; 

? FILE NEWSOURCE NAME MICKEY/MOUSE/SOURCE; 

or 

? COMPILE MICKEY/MINNI/08JECT MIL SYNTAX 
? FILE SOURCE NAME MICKEY/HOUSE/ J 
? FILE NEWSOURCE NAME TRASH; 

INTERNAL FILE NAMES 

So&e of the corapiler*s internal fide names and their uses are tisted 
below. This information is provided for use with ? FILE statements. 

CARDS Input file containing control and source records. 

Default device = Card Reader 

LINE Output file for the listing* Default device = 

Printer or Backup 

PUNCH Output file for the object deck* used when $ DECK 

Is specified. Default device = Punch or Backup 

SOURCE Secondary input file for source records when $ 

MERGE is specified. Default device = Disk* 
USE. INPUT. BLOCKING 

NEWSOURCE Output file for new source records when $ NEW is 

specified. Default device = Disk* k records/block 

LIBSOURCE Input file for source records when & LIBRARY is 

encountered. Default device - Disk* 
USE. INPUT. BL0CKIN6 

LINESAVE A temporary work file containing a copy of the 

listing- 

CODE. FILE A temporary work file containing a copy of the 

object code. 

PARAM.FILE A temporary work file containing parameters 

affecting the object code. and the listing. 

HILXREF Output file containing cross referencing 

information to be passed to MIL/XREFER. 



A - 10 



BURROUGHS CORPORATION COMPANY CONFIDENTIAL 

SANTA BARBARA PLANT MIL P.S. 2212-5298 



NOTES: 



A. The question mark C?) or an Invalid character on 80 column 
cards* the ampersand (&)# and the dollar sign <$) must appear 
in column 1 of the card* 

6. The word LIBRARY or SYNTAX must appear after the word HIL on 
the compile card- 

1. LIBRARY means the object HIL file will be saved 
on disk at the completion of a compile with no 
syntax errors. 

2. SYNTAX weans the object file will not be saved 
on disk. 

C. The ? FILE cardts) must appear immediately after the ? 
COMPILE card. Each element in the file statement must be 
separated by a space and the statement Bust Pe terminated 
with a semicolon. 

0. If the "SOURCE- or -NEWSOURCE" file is on magnetic tape then 
the word TAPE should appear on the file card. Examples 

? FILE SOURCE NAHE EBCSOR TAPE* 

or 
? FILE SOURCE TAPE; 

E* If disk cartridge is used and there is not enough room on the 
system cartridge for backup files etc.* then soae of the 
compiler's temporary files may be label equated to the users 
pack using the file card. Examples 

? FILE LINESAVE NAME HYPACK/LINESAVE/S 

F. Cards with a $ in column I are not transferred to the new 
source file when $ NEW is specified. 

G. The HIL command FINI must be the last physical record in any 
source file. The word FINI must appear in column 6 or greater 
on this record. 
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APPENDIX &t HARDWARE INSTRUCTION FORMATS AND TABLES 



i •• «t « a* •> <■> «■■ 



NOTE* This Appendix will follow the hardware bit numbering 
convention: bits are numbered right to left* through 
23* As noted earlier* this is 
software convention* where 
Cleft-most) bit in any register 
MIL syntax as bit (zero)* the 
as bit I* etc* 



at variance with the 

the fflost-signif icant 

was identified in the 

next most significant 



B1700 HARDWARE TABLES 



Table B-U Register Addressing 



SELECT CColunsn) NUMBER 








i 


TA 


FU 


X 




1 


f 


TB 


FT 


Y 




2 


1 


rc 


FLC 


T 




3 


i 


TD 


FLD 


L 




4 


i 


TE 


FLE 


A 




5 


i 


TF 


FLF 


M 




6 


f 


CA 


BICN 


BR 


GROUP 


7 


i 


C8 


FLCN 


LR 


CRow) 


8 


I 


LA 


*T0PM 


FA 


NUMBER 


9 


i 


LB 


RESERVED 


FB 


- 


10 


I 


LC 


RESERVED 


FL 




11 


1 


LD 


*PERR 


TAS 




12 


« 


LE 


XYCN 


CP 




13 


i 


LF 


XYST 


*MSM 




14 


J 


CC 


*INCN 


READ 




15 


i 


CD 


RESERVED 


WRIT 



SU4 1 


CMPX 1 


CHPY t 


XAMY 1 


XEOY 1 


MSKX 1 


MSKY 1 


XORY 1 


DIFF 1 


HAXS 1 


*MAXM 1 


U f 


*MBR 1 


DATA f 


CMMO 1 


NULL t 



* Available on 81720 systems only 
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Table 8**2s Condition Registers 



Software Bits 



BICN 
XYCN 
XYST 
FLCN 
*INCN 

CC 

CD 



I LSUY I 

I 1 

I MSBX I 

J LSUX I 

I FL=SFL 1 
|.« .--j 



CYF 



I PORT DEVICE 1 

I MISSING 1 
I— 1 

I STATE I 

1 LIGHT I 
j I 

f MEMORY f 

I READ DATA I 

I PARITY ERROR J 

i INTERRUPT 1 

I i 



X=Y 1 

INT I 

inrannanaaaaaaa i 

FL>SFL 8 

ia»a»ajiaia»a»a»ajia*a»jai«Bc!» 1 

PORT HIGH 1 

PRIORITY I 
- ..- 

TIMER I 
INTERRUPT 1 



CYO 
X<Y 



CYL 



X>Y 



Y NEQ 

• aa aiaaa»a>acajicaaia»ajia>aji* 

FL<SLF 


1 X NEQ 

a 1 aaaaaaaaaaaaaa 

t Ft NEQ 


PORT INTERRUPT 


1 
1 


PORT LOCKOUT 



I/O 
INTERRUPT 



CONSOLE 
INTERRUPT 



- i 

MEMORY * I 
WRITE/SWAP I 
ADDR OUT OF 8 
BOUNDS OVER- I 
RIDE I 



MEMORY * 
REAO ADDR 
OUT OF BOUNDS 
INTERRUPT 



I KEHORY 

I WRITE/SWAP 

I ADDR OUT 

3 OF BOUNDS 

I INTERRUPT 



Hardware Bits 
* Available on B1720 systems only 



NOTES: 
1. 
2. 



4* 
5« 



BICN- FLCN- XYST- and XYCN are addressable 

registers only* 

The TOPM* MBR- and A registers are used to 

memory Ccontrot or sain) and location 

aicroi nst ruct ion* 

MSHA is control memory and ©ay be addressed 

maintenance Console during tape mode. 

CPU is a destination register only* 

NULL always contains a value of 0. Any register 

word to which it is raoved will be cleared to 0- 



le 


as source 


det 


ermine 


the 


of 


the 


next 


only 


froia 


the 


r or 


scratchpad 
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Table 8-3: Microinstructions 
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Table 8~4s Variant Field Definitions 



IFQUR-BIT MANIPULATE 1 SKIP WHEN (6nnn) SKIP I READ/WRITE MEHQRY 

I C3nnn) VARIANTS I TEST VARIANTS I C7nnn) VARIANTS 

I f I 

IBITS 4-6 CONDITIONSIBITS 4-6 CONDITIONS IBITS 6-7 CONDITIONS 

I 000 SET t 000 ANY. SKIP 1 00 X REG. 

I 001 AND 1 001 ALL. SKIP I 01 Y REG. 

S 010 OR 1 010 EQU.SKIP I 10 T REG. 

I oil EOR • OH ALL CLR.SKIP I 11 L REG. 

I 100 INC i 100 NOT ANY. SKIP I 

I 101 INC/TEST % 101 NOT ALL. SKIP IBITS 8-10 CONDITIONS 

f no DEC I 110 NOT EQU.SKIP I 

I 111 DEC/TEST i 111 NOT ALL. CLR.SKIP 1 000 NOP 

j -- ,•---. — — -i— — — •— — — — —i 001 FA UP 

IEXTRACT FRON T REG. 1 SWAP MEMORY I 010 Ft UP 

I C8nnn) VARIANTS I C02nn> VARIANTS 1 Oil FA UP FL ON 

I I S 100 FA DN FL UP 

IBITS 5-6 CONDITIONSIBITS 6-7 CONDITIONS I 101 FA DN 

t «— i I 110 FL DN 

I 00 X REG. I 00 X REG. I 111 FA DN FL DN 

Y REG. I 01 Y REG. |— — — — — — — ---- 

I l0 T REG. I 10 T REG. I CASSETTE CONTROL 

I X1 t REG. 1 11 L REG. • €002n> VARIANTS 

I — . 1 1 

I COUNT FA AND FL i DISPATCH COOlnl IBITS 3-1 CONDITIONS 

i C06nn) VARIANTS I VARIANTS I— *"II"T"II 

, I I 000 START TAPE 

IBITS 5-7 CONDITIONSIBITS 1-3 CONDITIONS S 001 STOP ON GAP 

I 1 — .-- .— | 010 STOP ON X NEO Y 

I 000 NOP I 000 DISPATCH LOCK 1011-111 RESERVED 

I 001 FA UP I 001 DISPATCH WRITE I 

I 010 FL HP • 010 DISPATCH READ I BIAS 

I Oil FA UP FL DN I Oil DISPATCH RD & CLRI (003n) VARIANTS 

I 100 FA DN FL UP 1 100 RESERVED I 

i 101 FA DN I 101 RESERVED IBITS 3-1 CONDITIONS 

I no FL ON I 110 RESERVED I— —- 

I 111 FA DN FL DN i 111 RESERVED • 000 FU 

I I 1 001 24 OR FL 

If I 010 24 OR SFL 

I I I Oil 24 OR FL OR SFL 

I 1 I 100 NOP 

I I I 101 24 OR CPL OR FL 

I | I 110 NOP 

I % I 111 24 OR CPL OR FL 

I | I QR SFL 
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B1700 HARDWARE INSTRUCTION FORMATS 



BIAS 



1 


OP 






I 


BIAS 




i 


TEST CPL 


NEQ 


FLAG 


1 


1 


CODE 






f 


VARIANTS 


CV> 


i 


- 


NO TEST 




1 


I 


OOOO 


0000 


OOil 


1 


0...7 




% 


I - 


TEST 


CPL 


RESULT 


1 



15 



4 3 



This instruction sets CPU to the value 1 if the value of FU is 4 or 8 

and to otherwise* unless V ~ 2. If V : - 2* the value of the CPU is 

determined by SFU in lieu of FU, SFU is the first 4 bits of the 
scratchpad word S08* (On the B1T10# FU ~ 8 .will set CPU = 0.1 

The value of CPL is also set to the smallest of the values denoted in 
the following table. 



V 


VALUES 


• 


■»«•«• at ••«» 





ru 


1 


24 or FL 


2 


24 or SFL 


3 


24 or FL or SFL 


4 


CPL 


5 


24 AND CPL AND FL 


6 


CPL 


7 


CPL Cnot defined on the B1710) 



If the test flag equals 1 and the final value of CPL is not 0» the 
next microinstruction is skipped. 
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BIND 



(Available on B1720 systems only) 



I OP CODE I 

1 0000 0000 0000 0100 i 



12 







This instruction moves the 24-bit value from the L register to the MBR 
register^ moves the least significant k bits from the T register to 
the TQPM register/ and moves the most significant 20 bits from the T 
register to the A register* truncating the left most 6 bits of the 
source. 



BIT TEST BRANCH FALSE 



OP 

CODE 

0100 



REGISTER 
GROUP # 
0*.<,15 



REGISTER 
SELECT $ 
0...1 



REGISTER 
BIT # 
0*..3 



I DISPLACEMENT 

1 SIGN 

I - POSITIVE 

4 I - NEGATIVE 



DISPLACEMENT I 

VALUE I 

D-..15 1 

I 



15 12 11 



8 







This instruction tests the designated bit within the specified 
register and branches (relative to the next instruction) by the amount 
and direction of the signed displacement value if the bit is 0. If the 
bit is 1* a displacement value of is assumed* and control passes to 
the next in-line M-instruct ion. A displacement value indicates the 
number of 16-bit words from the next in-line instruction. A negative 
sign indicates lower addresses in control memory (backword 
displacement)* The maximum displacement is 15 microinstructions* 



NOTE: Register Bit # is read from right to left* 
the hardware bit numbering convention. 



0-3 according to 



B - 7 
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1 

1 

4 
f 


OP 1 
CODE i 
0101 1 

a 


REGISTER I 

GROUP # i 

0...15 1 

I 


REGISTER 1 REGISTER 1 

SELECT # 1 BIT # 1 

0...1 1 0...3 a 

1 1 


DISPLACEMENT 

SIGN 

- POSITIVE 

i - NEGATIVE 


1 

i 
f 

« 


DISPLACEMENT 3 

VALUE t 

D...15 1 

1 



15 12 11 



4 



This instruction tests the designated bit nithin the specified 
register and branches (relative to the next instruction) by the amount 
and direction of the signed displacement value if the bit is 1. If the 
bit is 0* a displacement value of is assuraed* and control passes to 
the next in-line M-instruct ion. A displacement value indicates the 
number of 16-bit words from the next in-line instruction. A negative 
sign indicates lower addresses in control raeraory (bacxword 
displacement). The aaxiraua displacement is 15 microinstructions. 



NOTE: Register Bit # is read right to left* 0-3 according to 
hardware bit numbering convention* 



the 



BRANCH 



I OP I DISPLACEMENT SIGN 
I CODE I = POSITIVE 
I 110 I 1 = NEGATIVE 



I DISPLACEMENT VALUE I 
I I 

1 0...4G95 I 



15 13 



12 



11 



This instruction fetches the next ©icroinstruction fro® the location 
obtained by adding the signed displacement value given in the 
instruction to the address of the next in-itne microinstruction. 

A displacement value indicates the number of 16-bit words. 



CALL 



t 


OP I DISPLACEMENT 


SIGN 


1 DISPLACEHENT VALUE 1 


I 


CODE i = POSITIVE 




a i 


1 


111 1 1 = NEGATIVE 




a 0...4095 1 



15 13 



12 



11 
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This instruction pushes the address of the next in-line 
sicr ©instruct ion (already contained in A register) into the A stack 
and then fetches the next microinstruction fro© the location obtained 
by adding the signed displacement value given in the instruction to 
the address of the next in-line rai croinstructi on. 

A displacement value indicates the nuaber of 16-bit words. 

NOTES: 

1. EXIT* the opposite of CALL* is accomplished by employing the 
MOVE register instruction with TAS as the source register and 
A as the sink register. 

2. When the A address is stored in the A stack* it is multiplied 
by 16 and stored as a bit address. 

CASSETTE CONTROL 



I OP 

I CODE 

1 0000 0000 0010 



1 


CASSETTE MANIPULATE 1 RESERVED 1 


1 


VARIANTS <V> 1 FLAG SIT I 


i 


0...7* 1 0...1 1 



15 4 3 10 

the indicated operation on the tape 



This instruction perforas 


cassette. 




V a 


Start Tape 


1 


Stop Tape 


2 


Stop Tape if X N 


3 


Reserved 


4 


Reserved 


5 


Reserved 


6 


Reserved 


7 


Reserved 



NEG Y 



All Stop Tape variants cause the tape to halt in the next available 
gap. 
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(Available on B1720 systems only) 



f OP I REGISTER FLAGS f 

! CODE I 8-BITS 1 

f OOOO 0011 1LTYXFFFCI 

I I A L U P I 



15 



8 7 



This instruction clears the specified registerCs) to 

respective flag bit is 1« 



if the 



COUNT FA/FL 



I OP I COUNT I LITERAL I 
I CODE I VARIANTS CV) i t 

I 0000 0110 I 0...7 I 0***31 ! 



15 



8 7 



This instruction increments {decrements) binarily the designated 
registerCs) by the value of the literal contained in the instruction 
or by the value of CPL if the value of the literal is 0* 

Neither overflow nor underflow of FA is dectected. The value of FA aaay 
go through its raaxiraura value or its ainiiaua value and wrao around* 

Overflow of FL is not detected* The value of FL saay go through its 
fflaximum value and wrap around* Underflow of FL is detected and will 
hot wrap around* The value is left in FL* 

Literal values lor CPL values if LIT=0) of 25 through 31 are truncated 
to the value 24* 

Count variants are as follows: 

V = 000 No Count 

001 Count FA Up 

010 Count FL Up 

011 Count FA Up and FL Down 

100 Count FA Down and FL Up 

101 Count FA Down 

110 Count FL Down 

111 Count FA Down and FL Down 



e - ii 
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PORT ABSENT is executed by the processor when necessary to return a 
Port Device Absent level signal to another port indicating the absence 
of the designated channel* 

Dispatch operations in the case of Processor-2 and Processor Adapter-1 
(direct connect to memory) are limited to the following: 



1* 
2. 



LOCKOUT * SKIP-IF-NGT-ALREADY-LOCKE0: always sfcias* 

WRITE LOW: always sets Port Device Absent level true (true 
indicates absence)* 

3. READ AND CLEAR: always sets the Port Device Absent level 
false (false indicates present)* 

No changes occur in the T and L registers. In the INCN register only 
the Port Device Absent bit can change* The Lockout* the Interrupt* and 
High Priority bits will always be false* No other dispatch operations 
are defined.* 



EXTRACT FROM REGISTER T 



I OP I ROTATE I DESTINATION I EXTRACT 5 

I CODE 1 BIT COUNT I REGISTER i BIT COUNT i 

I 1011 I 0...24 I 00 - X 

i I I 01 - Y 

« 1 I 10 - T 

I I I 11 - L 



i G.**24 


I 


I 


1 


f 


1 


f 


1 



15 12 11 



7 6 



5 4 



This instruction rotates the T register contents left by the ROTATE 
•count* extracts the bits specified and moves the result to the sink 
register* If the extract bit count is less than 24* the data is 
right-justified with the left (most-si gnifi can't") zero bits supplied. 

The contents of the T register are unchanged unless it is also the 
sink register* 



A rotate value of 24 is 

OPERATION. 



equal to and is equivalent to a NO 
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DISPATCH 



CRequires a hardware I/O subsystem available on the 81720 only) 



OP 

CODE 

0000 0000 0001 



I DISPATCH 

I VARIANTS 

I OOQ-LGCKOUT 

I 001-WRITE 

I 010-READ 



I Oil-READ & CLEAR I 
I 100-WRITE HIGH I 
8 101-PORT ABSENT I 



SKIP VARIANT • 

(Applies onty to I 

lockout variant! I 

O-SKIP IF ALREADY LOCKED I 

i-SKIP IF NOT ALREADY LOCKED I 

I 



I 



15 



4 3 



This instruction sends/receives Interrupt 
to/from other ports. 



and interrupt information 



Since the interrupt system is shared by all ports* the processor 
should gain control of the Interrupt system by successfully completing 
a LOCKOUT prior to a DISPATCH WRITE* 

LOCKOUT sets the lockout bit in the DISPATCH register and allows* via 
the skip variant* skipping or not skipping the next 16-bit instruction 
based upon the success or failure Calready set) of the LOCKOUT. 

WRITE <Bigh or Low) DISPATCH sets the Lockout and Interrupt flip flops 
in the port interchange. It also stores the contents of the L register 
into meiaory location to 23 and the contents of the least-significant 
seven bits of the T register (designating the destination port # and 
channel #) into the appropriate port interchange register. In 
addition* it sets (Write High) or resets (Write Low) the high 
Interrupt flip flop in the port interchange. 

READ DISPATCH stores the contents of memory locations through 23 
into the L register and the contents of the Port Channel register into 
the least significant 7 bits of the T register. The other 17 bits of T 
are unaffected. 

READ AND CLEAR DISPATCH in addition to performing the READ DISPATCH 
operation clears the lockout flip flop* the two interrupt flip flops 
and the Port Device Absent flip flop in the port interchange. It does 
not clear any memory locations. 
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NOTES The microprogramming assembler uses the left-most bit to be 
extracted and calculates the rotate bit count to be used by 
the hardware circuits. The assembler addresses the bits 
within the T register left to right as through 23> 
hardware addresses the bits right to left as through 23. 

FOUR-BIT MANIPULATE 



I OP $ REGISTER 1 REGISTER i MANIPULATE 1 LITERAL I 
S CODE I GROUP # I SELECT # I VARIANTS IV) I • 

I 0011 1 0...15 1 0...1 f 0-..7 I 0...15 I 

15 12 11 8 7 6 4 3 

This instruction performs the operation specified by the variants on 
the designated register. 

V = The register is set to the value of the literal. 

1 The register is set to the logical AND of the register and 
li teral. 

2 The register is set to the logical OR of the register and 

I j| fgi* at A 

3 The register is set to the logical EXCLUSIVE-OR of the 
register and literal. 

4 The register is set to the binary sum (modulo 16) of the 
register and literal. / 

5 The register is set to the binary sum (modulo 16) of the 
register and literal* and the next microinstruction is 
skipped if a carry is produced. 

6 The register is set to' the binary difference Caodulo 16) of 
the register and the literal. 

T The register is set to the binary difference modulo 16 of 
the register and literal* and the next microinstruction is 
skipped if a borrow is produced. 

EXCEPTIONS: 

8ICN» FLCN* XYCN* XYST* INCN (B1720) and CPU IB1710) when specified as 
operand registers are not changed as a result of this operation. 
However* the carry or borrow outputs are produced and a- skip can 
result. 
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HALT 



I OP CODE 1 

I OOOO 0000 0000 0001 I 



15 







This Instruction stops the execution of the mi croinstructions» In RUN 



micro to be executed is fetched and stored 
.«, , «..,- the A register points to the next following 
TAPE mode the next micro is not fetched and stored in the 
but the HALT micro is left in the M register. 



mode the next 
register* and 



M 



in the M 

micro* In 

register* 



The register 
dl splayed* 



indicated by the register select switch wilt 



be 



LOAD F FROM 00U8LEPA0 WORD 



(Available on B172G systems only) 



mtta mi^m ^nm m> et «m mt o> ^ m mum » <m vnm m m» <m mt-mi mum tm tm mtmi tmim tm 

I OP I SCRATCHPAD I 

I CODE I WORD ADDRESS I 

I 0000 0000 0101 I 0..*15 I 



15 



A 3 



This instruction moves the contents of the A and 8 portions of the 
designated scratchpad word to the FA and FB registers resnecti vely. 



NONITOR 



(Available on B1720 systems only) 



I OP CODE I VARIANTS I 
1 0000 1001 I 7» 6* 5, I** 3* Zp I 



15 



8 7 
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This instruction skips to the next sequential instruction. 

During the time this micro-operator is executing the operator and the 
last two bits CO and 1> are decodad* ANOed with the system clock and 
are present in the backplane as follows: 

MONITOR True for the OP Code 

MONITOR 00R0 True if last two bits are 00 

MONITOR 01R0 True if last two bits are 01 

MONITOR 02R0 True if last two bits are 10 

MONITOR 03R0 True if last two bits are 11 

At the backplane* the monitors are one-half clock from leading edge to 
trailing edge. 

MOtfE 8-BIT LITERAL 



I OP I DESTINATION I LITERAL I 
I CODE I REGISTER 1 i 

I 1000 I GROUP 3 • 0...255 I 
| I 0...15 1 * 

•■■•••»»•■••""■"■•" •»•••••••• 

15 12 11 8 7 



This instruction moves the 8-bit literal given in the instruction to 

the sink register. If the move is between registers^ of unequal 

lengths* the data is r ight- just i f i ed with left Imost-si gnif leant ) zero 
bits supplied* 

EXCEPTIONS* 

1« READ and WRIT are excluded as sinks. 

2. When M is used as a sink register* the operation is changed 
to a bit-OR which modifies the next microinstruction. It does 
not modify the instruction as stored in memory. 
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MOVE 24-BIT LITERAL 



I OP I DESTINATION I 24-BIT LITERAL I 

i CODE i REGISTER I ft 

S lOOi 1 GROUP # 1 0.**MAX I 

ft I 0***15 ft f 



15 12 11 



8 7 



This instruction moves the 24-bit literal given in the double-length 
microinstruction to the sink register* If the move is between 
registers of unequal lengths* the literal is truncated from the left* 

EXCEPTIONS: 

1. READ* WRIT* M and CP (81710) are excluded as sinks. 

2* The MSMA register (available only on the B1720) may be a sink 
only in the TAPE mode* 

NO OPERATION 



1 


OP 








1 


1 


CODE 








ft 


1 


0000 


0000 


0000 


0000 


1 



.15 

This instruction initiates a skip to the next sequential instruction 

NORMALIZE X 



1 


OP 








ft 


1 


CODE 








1 


1 


0000 


0000 


0000 


0011 


ft 



15 
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This Instruction shifts the X register left while counting FL down 
until FL = or until the bit in X referenced fay CPL = I* Zeros are 
shifted into the right-most end of X. 

CPL = I references the right-most bit of X while CPL = 2% references 
the left-most bit of X* If CPL - 0* the operation will continue until 
FL = 0. 

OVERLAY CONTROL NEHORY 

< Available on B1720 systems only) 



I OP * 

I CODE 1 

I 0000 0000 0000 0010 i 



15 

This instruction overlays control memory IM-flemory) from main memory* 

The starting main memory address is in the FA register* the length of 
the data to be overlaid* in bits* is in the FL register* The starting 
control memory address is in the L register* 

Execution of the instruction proceeds as follows* 

1. The contents of the A register are moved to the TAS register. 

2. The contents of the L register are moved to the A register. 

3. The first 16 bits of data are read from main memory and 
stored in the control memory via register L. Register FL is 
decreuented by 16 bits? FA is incremented by 16 bits* and A 
is incremented by 1 word* 

4* Step 3 is repeated until FL * or A > MAXM* at which point 
the process terminates with a move of TAS to A. 

5. The operation then continues with the next microinstruction* 
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READ/WRITE MEMORY 



IOP 

ICODE 

10111 

I 

I 



I DIRECTION 

i TO REGISTER 

% 1 TO HEMORY 



I 


COUNT 


1 


REGISTER t \ 


FIELD 


1 


MEMORY! 


i 


VARIANTS 


1 


00 - X i 


DIRECTION 


1 


FIELD 1 


1 


V • • • f 


1 


01 = Y 1 


- POSITIVE 


f 


LENGTHI 


1 




1 


10 = T 1 


1 - NEGATIVE 


i 


0...26I 


I 




1 


11 = L 1 




I 


I 



15 12 



11 



10 



a r 



to 
is 

with 



the 
less 
left 



This instruction moves the contents of the register (memory) 
memory (register!* If the value of the memory field length 

than 24* the data fro® memory is right-Justified . ~ 

(most-significant) zero bits supplied while the data from the register 
is truncated, from the left. 

The contents of the source is unchanged* 

Register FA contains the bit address of the memory field while the 
memory field direction sign and memory field length are given in the 
instruction* 

If the value of the memory field length as given in the instruction is 
Of the value in CPL is used* 

Memory field length values Cor CPL values if MFL « 0) of 25 and 26 are 
truncated to the value of 24* When used on a WRITE operation* the 
value 25 and 26 cause odd and even parity respectively to be written 
into memory regardless of the parity of the read data* 

For a description of the count variants* see COUNT FA/FL* 



READ/WRITE MSM 



(Available on B1720 systems only! 



I OP I VARIANTS I R/W VARIANT I 

I CODE I G/B « H/F I S/N 10 TO X I 

I 0000 0000 0111 1 I I II FR0H x I 



15 
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This instruction CI) moves the contents of the X register to the 
M-Hdssory word specified by the address contained in the L register if 
the R/W variant bit - 1J data is right justified with left Caost 
significant) bits supplied or (2) moves the contents of the M-Meaory 
word specified by the address contained in the L register to the X 
register if the R/W variant bit = 0# data is right justified with left 
(most significant) zero bits supplied. 



The 



lower 4 bits and the upper 8 bits of the address in L are ignored. 



READ/WRITE HSM causes the A register to be moved to the TAS register 
and the L register to be moved to the A register before the 
instruction is executed. The TAS is restored to A after the READ/WRITE 
MSM operation is completed. 



The S variant is used to 
flops. If S = 1* the G/8 
and H/F variants. If S s 
flops. 



enable the set/reset of the G/8 and H/F flip 
and H/F flip flops are set/reset by the G/8 
0* no change is aade in the G/B and H/F flip 



If the G/9 flip flop is true* alt READ/WRITE MSM operations will force 
bad parity in the addressed word. If the G/B flip flop is false* all 
READ/WRITE MSM operations wilt force good parity in the addressed 
word. 

If the H/F flip flop is true* the processor upon reading an M-Meaory 
word containing parity error will flag the error condition by setting 
a CO bit true. It wilt not halt. If the H/F flip flop is false* the 
processor upon detection of a parity error in reading an M-Meaory word 
will flag the error condition by setting PERR bit 1 true and then 
halt. Reading an M-Memory word occurs when fetching a M-op froa 
M-Meaory or when moving an M-Meraory word to any destination* 

The H/F and 6/8 flip flops are cleared to zero C false) < with the CLEAR 
signal. If S = 1* the G/B and H/F flip flops are set/reset prior to 
the execution of the READ/WRITE HSM portion of the operation. 



REGISTER MOVE 



I OP I 

i CODE I 

I 00 01 I 

I i 



SOURCE 
REGISTER 
GROUP t 
0...15 



SOURCE 
REGISTER 
SELECT # 
0...3 



I DESTINATION 8 

I REGISTER I 

I GROUP # f 

I 0...3 i 



DESTINATION I 

REGISTER 1 

SELECT # I 

0...15 t 



15 12 11 



8 T 



6 5 



4 3 
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This instruction moves the contents of the source register to the sink 
register* If the taove is between registers of unequal lengths* the 
data is right-justified with left Caost-signi tf icantl zero bits 
supplied or the data is truncated froa the left* whichever is 
appropr i ate* 

The contents of the source register are unchanged unless it is also 
the sink register* 

EXCEPTIONS* 

1. WRIT* CHNO Cand CPU* READ on B1710) are excluded as source 
registers* 

2* When the H register is used as a sink in RUN or STOP wode» 
the operation is changed to an bit-OR which modifies the next 
nicroinstruction* It does not modify the instruction stored 
as stored in memory. In TAPE wode* no bit-OR takes place* 

5. BICN- FLCN. XYCN. XYST- INCN. READ* WRIT* SUM. CMPX- CMPY* 
XANY* XEOY* XEQR. MSKX- DIFF» MAX* NAXM- and U are excluded 
as sink registers* 

4* U is excluded as a source register- in the STEP mode* 

5. When DATA land SUM- DIFF on 81710) is designated as a source* 
CMND» and DATA are excluded as sinks* 

6* On the 81710 when A* M* CP# or DATA is designated as a 
source* all 4-bit registers are prohibited as sinks* 

7* On the B1720* when U or OATA is designated as a source and 
when the next micro is to be obtained from wain aemory* M is 
excluded as a sink* 

SCRATCHPAD MOVE 



I OP I REGISTER I REGISTER 1 DIRECTION 1 SCRATCHPAD • SCRATCHPAD I 

I CODE I GROUP * I SELECT # I 0-T0 1 WORD I WORD I 

I 0010 ! 0***15 I 0***3 I SCRATCHPAD I 0-LEFT WORD f ADORESS I 

If 1 t 1-FROM 1 1-RIGHT I 0...15 I 

| 1 I I SCRATCHPAD % WORD ! I 



15 12 11 8 7 
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This Instruction moves the contents of the register Cscratchpad) to 
the scratchpad CregisterJ. If the move is between fields of unequal 
lengths* the data is right-justified with left Craost-si gnif icant) zero 
bits supplied or the data is truncated froa the left* whichever is 
appropriate. 

The contents of the source register are unchanged. 

EXCEPTIONS: 

1. When the M register is used as a sink* the operation is 
changed to a bit-QR which modifies the next sicroinstruction. 
It does not modify the instruction as stored in lemory. 

2. BICN* FLCN* XYCN* XYST* INCN* READ* WRIT* SUM* CMPX* CMPY* 
XANY* XORY, XEOY* MSKX* MSKY* DIFF* HAXS* MAXM and U are 
excluded as sinlc registers. 

3. WRIT* CHND <and CPU* READ on 81710) are excluded as source 
registers. 

4. U is excluded as a source in STEP node. 

5. On the B1710 H as a source results in a transfer of 24 zeros. 

SCRATCHPAD RELATE FA 



| OP I RESERVED I SIGN OF I LEFT HALF ADDRESS I 
i CODE • 10= POSITIVE 1 OF A SCRATCHPAD WORD I 

I 0000 1000 i 000 I 1 = NEGATIVE « 0...15 I 

15 8 7 5 4 3 

This instruction replaces the contents of the FA register by the 
binary sue of FA and the left half the specified scratchpad word. 

Neither overflow nor underflow of FA is detected. The value of FA nay 
go through its «axi«sui9 value or its winitaujs value and wrap around* 
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SET CYF 



1 


OP 






1 


SET 




I 


1 


CODE 






1 


VARIANTS 


CV) 


a 


1 


OOOO 


0000 


0110 


1 


1»2#4*8 




i 



15 



* 3 



This instruction sets the carry flip-flop as specified by the 
variants* 



V * 1 
2 
4 

8 



NOTES: 
1. 
2. 



Set CYF to 

Set CYF to 1 

Set CYF to CYL Ccarry total froa sums) 

Set CYF to CYD Ccarry borrow from difference) 



CYL is generated under the control of the length in CPL* 

CYF is an input to the arithmetic logic along with the X 
and Y registers. CYF is the left-most bit of the CP 
portion of the C register* 



SHIFT/ROTATE REGISTER T LEFT 



I OP I DESTINATION i DESTINATION 1 SHIFT/ROTATE I SHIFT/ROTATE i 

I CODE I REGISTER I REGISTER I - SHIFT I BIT COUNT I 

I 1010 I GROUP # I SELECT t I I - ROTATE 1 0***2* I 

I I 0...15 I 0***3 t t 



15 12 11 



8 7 



4 







This instruction shifts (rotates) register T left by the number of 
bits specified and then moves the 24-bit result to the sink register. 
If the move is between registers of unequal lengths* the data is 
right-justified*' with data truncated from the left* 

The contents of the T register are unchanged unless ft is also the 
sink register* 
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Zer0 flU on t|,e Hght and — . « ".^ U« ^runcStion «£ 
shift operation* kuiaic is» ««» 

!/*. value of the SHIET/ROTATE COUNT as given In the Instruction is 
0, the value given in CPU i* «*ed. 



EXCEPTIONS 
1. 



„ h en the H register is used as a sin, register. ^.r at ,on 

is changed to a *»* ™ Bodify the instruction as 
aicroinstruction. It does not »««• r 



stored in sessory* 



„. eucn, xvcn. xm t READ „ RIT «m. ^j™.,,^; 

NY* XEQY- XQRY, OIFF* MAXS- MAXH ana 



BI 
XA 
registers* 



SH 



IFT/ROTATE REGISTERS XY LEFT/RIGHT 



I OP 
t CODE 
I 0000 
I 
« 



, SHIFT/ROTATE I SHIFT/ROTATE SHIFT/ROTATE 
VARIANT I DIRECTION * BIT « 

0101 I - SHIFT 1 VARIANT ! ' S I« 
0101 J t - ROTATE J - tEFT 0...46 J 

• 11" RIGHT ■ •••■-•• 

: : & 5 o 

This instruction shifts Crates' register X a „d » «.ft t <; *9»» ^ ,• 
nu.ber of bits spec if led. The "«^£ ,, 8 _ Mt XY register. Only a 
tmest-significanO half of the concatenate^ f the concatenated XT 

count of one »ay be specified on the Blfiv 

SL-.s: -s.-,j.r=rs=--:.u-» tt, .J.~5: -i^r its 

the right shift. 

■ , jnnmc rntiNT as aiven in the instruction is 
o! Ml :^:nd f i S h th^^rot:ndTI h raS:unt determined f„ CPO as 

follows: 
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CPU 

00 
01 
10 

11 



SHIFT/ROTATE COUNT 

1 bit 

4 bits 

Undefined 

8 bits (available only on 81720 systems) 



NOTES The shift by CPU option is available only on B1720 systems. 



SHIFT/ROTATE REGISTER X/Y LEFT/RIGHT 



I OP 1 SHIFT/ROTATE I SHIFT/ROTATE I X/Y f SHIFT/ROTATE I 

I CODE I VARIANT I DIRECTION S VARIANT I BIT I 

I 0000 0100 I - SHIFT 1 - LEFT I - X REG I COUNT I 

I I I - ROTATE I 1 - RIGHT I 1 - Y REG I 0..*24 • 



15 



8 



This instruction shifts (rotates) register X or Y left or right by the 
number of bits specified* 

Zero fill on the right and truncation on the left occurs with the left 
shift* Zero fill on the left and truncation on the right occurs with 
the right shift. 

If the value of the SHIFT/ROTATE COUNT as given in the instruction is 
0* the operand is shifted (rotated) by the amount determined by CPU as 
follows; 

CPU SHIFT/ROTATE COUNT 

00 1 bit 

01 4 bits 

10 Undefined 

11 8 bits (not available on B1710 systems) 

NOTE The shift by the CPU option is available on B1720 systems 
only* 
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SKIP WHEN 

l"np I REGISTER I REGISTER I SKIP TEST I MASK I 

1 CODE % ROW * * COLUMN * I VARIANTS €V> i 0...15 I 

I 0110 i 0...15 I 0...1 I 0* . * 7 _^_^ «-I-.-.--- -1 

~15"~12 11 8 7 6 * 3 

This instruction tests only the bits in the register that are 
referenced by the I bits in the «ask and ignores ?U others. It then 
performs the actions specified below. Exceptions If V * 2 or V = 6, i t 

compares all bits for an. equal condition. 

¥ « If any of the referenced bits are l f s# the next 
M-instruction is skipped. 

1 If atl the referenced bits are 1 • s„ the next ^-instruction 

is skipped. 

2 If the register is equal to the Bask* skip the next 
M-instruction. 

3 This is the same as « = b but the referenced bits are also 
cleared to without affecting the non-referenced bits. 

4 If any of the referenced bits are t«s# the next 
M-instruction is not skipped. 

5 If all the referenced bits are l»s# the next ^-instruction 
is not skipped* 

6 If the register is equal to the aask* the next 1-instruction 
is not skipped. 

7 This is the same as V = 5, but the referenced bits are also 
cleared to without affecting the non-referenced bits. 
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NOTES AND RESTRICTIONS: 

1, If the mask equals OOOO the ANY result is false. The skip is 

wade for V = and is not aade for V = 4. If the sask equals 

OOOO* the ALL result is true* The skip is wade for V=5 and 
V-7 and is not made for V*l and V«3. 

2* BICN* FLCN* XYCN* XYST* and cannot be cleared with V = 3 or V 
* 7. However* they can be tested* 

STORE F INTO DOUBLEPAO WORD 

CAvailable on 81720 systems only) 



I OP I SCRATCHPAD I 

fl CODE I WORD ADDRESS i 

I 0000 0000 0100 « 0...15 1 

15 4 3 



This instruction moves the contents of the FA and FB registers to the 
designated scratchpad word* FA is transfered to the A half of the 
scratchpad word* and FB Cwhich contains FL* FT* and FU) is transferred 
to the B scratchpad word. 

The contents of FA and FB remain unchanged. 
SWAP F WITH DOUBLEPAD WORD 













1 
1 
1 
1 
1 


OP 1 

CODE 1 
0000 OIU 1 

1 
1 


DESTINATION 1 
48-BIT % 
SCRATCHPAD 1 
WORD t 
0...15 1 


SOURCE 

43-8IT 

SCRATCHPAD 

WORD 

0...15 


f 
1 
f 
1 
1 



15 8 7 4 3 

This instruction moves the contents of the FA and FB registers to a 
hardware holding register* It also moves the contents of the left and 
right word of the source scratchpad word to the FA and F8 register 
respectively* and sioves the contents of the hardware holding register 
to the destination scratchpad word. 
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SWAP, MEMORY 



CAvailable on B1720 systems only) 



OP 

CODE 

OOOO 



0010 



REGISTER 

00 = X 

01 = Y 

10 = T 

11 = L 



# I 
I 
1 
I 
1 



FIELD 
DIRECTION 

- POSITIVE 

1 - NEGATIVE 



MEMORY 
FIELD 
LENGTH 
0...24 





with 



15 87 <> at 

This instruction swaps data fro* main memory "***/*•-*•'%,/" V^ 
.ILlwiori rfl flktBr. If the value of the memory field is less than z*>* 
III C d a %«r , .«o;y I f. M9ht.J«.tlfled «|th left Cmost-signi f icant) 
zero bits supplied- The data fro* the register is truncated 
left before entering memory* 



from the 



Register FA contains the absolute binary address of 
field while the field direction sign and field 



the main 
is given 



memory 
in the 



instruction* 



If 

0* 



the value of the memory field length as given In 
the value given in CPL is used. 



the instruction is 
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Table 8-6* Microinstruction Timing 



1 81 


mo 


1 




1 81720 




t Notes 1 


Clocks 


1 


Microinstructions I 


1 Clocks 1 N< 


>tes 




2 


1 


BIAS J 


1 1 t 






[ - 


s 


BIND 1 


1 3 1 






2 


1 


BIT TEST BRANCH FALSE 1 








1 2 


1 


BIT TEST BRANCH TRUE 1 








4 


1 


BRANCH 1 




1 


f 1 1 


5 


I 


CALL 1 








1 2 


1 


CASSETTE CONTROL J 








a» 


1 


CLEAR REGISTERS 1 








! ' • 4. 


1 


COUNT FA/FL I 








- 


1 


OISPATCH 1 


1 6/5 1 






1 3 


f 


EXTRACT FROM REGISTER T 1 








1 2 


t 


FOUR-BIT MANIPULATE 1 








1 2 


1 


HALT 1 








| 


1 


LOAD F FROM 00U8LEPAD WORD i 








\ 2 


1 


MONITOR I 








i 2 


t 


MOVE 8-BIT LITERAL 1 








16 


1 


MOVE 24-BIT LITERAL 1 








1 2 


1 


NO OPERATION ( 






1 3 


1 6 


1 


NORMALIZE X \ 




2 




1 <m 


1 


OVERLAY CONTROL MEMORY ! 


1 5 1 


3 




1 8 


1 


READ/WRITE MEMORY 1 


» 5/4 1 


4 




[ 


s 


READ/WRITE MSM 1 






1 2 


I 2 


1 


REGISTER MOVE 1 






1 2 1 


k 2 


1 


SCRATCHPAD MOVE 1 








1 4 


t 


SCRATCHPAD DELATE FA . I 








1 2 


1 


SET CYF ! 








1 5 


f 


SHIFT/ ROTATE REGISTER T LEFT 






1 4 1 


1 6 


I 


SHIFT/ ROTATE XY LEFT/RIGHT I 




2 




1 3 


1 


SHIFT/ROTATE X/Y LEFT/RIGHT 1 




2 




1 2 


I 


SKIP WHEN 1 








1 "* 


t 


STORE F INTO D0U8LEPAD WORD 1 








1 10 


1 


SWAP F WITH DOUBLEPAD WORD 


I 2 1 






1 ** 


1 


SWAP MEMORY < 


1 4 1 


5 
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B1710 NOTES: 

The basic clock of the 81710 is 4 mega hertz* 

1* This Includes the fetch of the called microinstruction. 

2. For BCD result register moves* there are three clocks* 

3. There are six clocks per bit plus one additional clock* 

4. Only a value of one bit is allowed in the B1710* 

81720 NOTES: 

The basic clock of the B1720 is 6 mega hertz. 

1. ■ If the relative address is not within control aeaory 

Ctherefore in main aeaory)* there are two clocks. 

2. There is one clock per bit* 

3. There are five clocks per 16 bits Cone microinstruction) plus 
five clocks* 

4* READ is five clocks until the processor receives the data* 
WRITE is four clocks until the processor is released. Soae 
instructions may be performed during the processor READ or 
WRITE command times if they immediately follow the READ or 
WRITE commands* this is called -concurrency-. Consecutive 
READ or WRITE commands operate at MAIN MEMORY READ cycle 
speed Cfour clocks) or WRITE cycle speed tsix clocks) 
respectively* 

5. The data is presented to the processor and is released in one 
HAIN HEMORY READ cycle* Concurrent execution of certain 
microinstrcutions is performed if they immediately follow the 
SWAP command* The WRITE portion of the SWAP command is begun 
and performed in parallel to the READ portion- and main 
memory is not available for the duration of a WRITE cycle. 
For consecutive main memory commands* refer to note 4* 
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APPENDIX C: RESERVED WORDS AND SYMBOLS 





BEGIN 


DEFINE 




BIAS 


DEFINE. VALUE 


€ 


BICN 


DIFF 


• 


BIT 


DIFFERENCE 


< 


BITS 


DISPATCH 


< = 


BR 


DOWN 


< 


BRANCH 


DUMP 


♦ 


BRANCH. EXTERNAL 


ELSE 


* 


BY 


EMIT. RETURN. TO. EXTERNAL 


) 


CA 


END 


« 

9 


CALL. EXTERNAL 


EOR 


-» 


CARRY 


EQL 


mm 


CASSETTE 


EXIT 


t 


CAT 


EXTRACT 


f~ 


CB 


F 


P 


CC 


FA 




CO 


FA. POINTS 


> 


CHARACTER 


FALSE 


>3S 


CLEAR 


FB 


# 


CMND 


FINI 


a 


CMPX 


FIXED 


§ 


CMPY 


FL 


* 


CODE. SEGMENT 


FLC 


m 


CODE. SEGMENT. NUMBER 


FLCN 


A 


COMPLEMENT 


FLD 


ABSOLUTE 


CONSOLE. SWITCHES 


FLE 


ADD 


CONSTANT 


FLF 


ADDRESS 


COUNT 


FOR 


ADJUST 


CP 


FORWARD 


ALL 


CPL 


FROM 


AND 


CPU 


FT 


ANY 


CYD 


FU 


ANY. INTERRUPT 


CYF 


GEO 


AS 


CYL 


GO 


ASSIGN 


DATA 


GTR 


ASTACK 


DATA. LENGTH 


HALT 


*T 


DATA. TYPE 


HEX.SEQUENCE. NUMBER 


BACKWARD 


DATA. USAGE 


HI. PRIORITY 


BASE. LIMIT 


DEC 


HIPRI 
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IF 

INC 

INCLUDE 

INCN 

INTERRUPT 

INTO 

JUMP 

L 

LA 

LB 

LC 

LO 

LE 

LEFT 

LENGTH. BETWEEN. ENTRIES 

LEO 

LF 

LIT 

LOAD 

LOAD.MSMA 

LOAO.SMEM 

LOCAL.DEFINES 

LOCATION 

LOCK 

LOCKED 

LOCKOUT 

LR 

LSBX 

LSBY 

LSS 

LSUX 

LSUY 

H 

M. MEMORY. BOUNDARY 

MACRO 

MAKE. SEGMENT. TABLE. ENTRY 

MAXIMUM 

MAXM 

MAXS 



MICRO 

MINIMUM 

MINUS 

MOD 

MONITOR 

MOVE 

MS8X 

MSKX 

MSKY 

MSMA 

MSML 

NEQ 

NEHSE6MENT 

NO.DEVICE 

NODEVICE 

NOP 

NORMALIZE 

NOT 

NULL 

OR 

OVERLAY 

PAGE 

PLUS 

POINT 

PORT 

PROGRAM. LEVEL 

READ 

REDUNDANT. CODE 

REMAPS 

RESERVE. SPACE 

RESET 

REVERSE 

RIGHT 

ROTATE 

S 

S.MEMORY^LOAD 

SEGMENT 
SEGMENT. COUNT 
SET 
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SFL 

SFU 

SHIFT 

SKIP 

SPACE 

START 

STOP 

STORE 

SUB. TITLE 

SUBTRACT 

SUM 

SWAP 

SO 

SOA 

SOB 

SI 

S1A 

SIB 

SIO 

SlOA 

SlOB 

SIX 

SUA 

S118 

S12 

S12A 

S126 

S13 

SI3A 

SI 36 

S14 

SUA 

SUB 

St5 

S15A 

$158 

S2 

S2A 

S2B 



S3A 

S3B 

S4 

SAA 

SAB 

S5 

S5A 

S58 

S6 

S6A 

S6B 

S7 

S7A 

S78 

S6 

S8A 

S88 

S9 

S9A 

S9B 

T 

TA 

TABLE 

TAS 

TB 

TC 

TO 

TE 

TEST 

TF 

THEN 

TITLE 

TO 

TODAYS. DATE 
TODAYS. TIME 
TOPM 

TRACE 

TRANSFER. CONTROL 

TRUE 



UNIT 
UNLOCKED 

UP 

VALUE 
WHEN 
WITH 

WRITE 
WRITE. STRING 

X 

XANY 

XCH 

XEOY 

XORY 

XY 

XYCN 

XY5T 

Y 





